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METHOD, BASE STATION, AND USER
EQUIPMENT FOR TRANSMITTING
CONTROL CHANNEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2012/072544, filed on Mar. 19, 2012,
which 1s hereby incorporated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a communications tech-
nology, and 1n particular, to a method, a base station, and a
user equipment for transmitting a control channel.

BACKGROUND

In a 3rd Generation Partnership Project (3rd Generation
Partnership Project, 3GPP) Long Term Evolution (Long
Term Evolution, LTE) or LTE-advanced (LTE-advanced,
LTE-A) system, a downlink multiple access manner gener-
ally adopts an orthogonal frequency division multiplexing
multiple access (Orthogonal Frequency Division Multiple
Access, OFDMA) manner. A downlink resource of the
system 1s divided into an orthogonal frequency division
multiplexing multiple access (Orthogonal Frequency Divi-
sion Multiple, OFDM) symbol 1in terms of time, and 1s
divided 1nto a sub-carrier in terms of frequency.

According to an L'TE Release 8/9/10 (LTE Release 8/9/
10) standard, a normal downlink subirame includes two time
slots (slot), each time slot has 7 OFDM symbols, and a
normal downlink subirame has a total of 14 or 12 OFDM
symbols. The LTE Release 8/9/10 standard also defines a
s1ze of a resource block (Resource Block, RB), where an RB
includes 12 sub-carriers on a frequency domain, and 1s of a
duration of a half subiframe (a time slot) on a time domain,
that 1s, 7 or 6 OFDM symbols are included. On a subirame,
a pair of RBs of two time slots 1s called a resource block pair
(RB pair, RB pair). In actual transmission, a resource block
pair used on a physical resource (a physical RB pair) 1s also
called a physical resource block pair (Physical RB pair, PRB
pair). A PRB pair 1s generally called a PRB for short, so that
in the following description, a PRB, a PRB pair, a physical
resource block, and a physical resource block pair all refer
to a PRB pair.

Various data borne on a subiframe 1s mapped by dividing
a physical time-irequency resource of the subirame into
various physical channels. The various physical channels are
mainly classified mto two types: control channels and ser-
vice channels. Correspondingly, data borne by a control
channel may be called control data (or control information),
and data borne by a service channel may be called service
data. A fundamental purpose of sending a subirame 1s to
transmit the service data, and a function of the control
channel 1s to help transmission of the service data.

A complete physical downlink control channel (Physical
Downlink Control Channel, PDCCH) 1s formed by one or
several control channel elements (Control Channel Element,
CCE). According to the LTE Release 8/9/10, a PDCCH may
be formed by 1, 2, 4, or 8 CCEs, which correspond to
aggregation levels 1, 2, 4, and 8 respectively.

In an LIE system, because of introduction of technologies
such as multiple user multiple input multiple output (Mul-
tiple Input Multiple Output, MIMO) and coordinated mul-
tiple points (Coordinated Multiple Points, CoMP), control
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2

channel capacity 1s limited, so that a PDCCH transmitted
based on an MIMO precoding manner (called an ePDCCH

below) 1s introduced. The ePDCCH may be demodulated

based on a UE-specific reference signal-demodulation ref-
erence signal (Demodulation Reference Signal, DMRS).
For the ePDCCH, each ePDCCH 1s still formed by k
logical elements (defined as an eCCE herein) similar to the
CCE, and a user equipment needs to perform blind detection

on a terminal side. Following a definition of the aggregation
level 1in the PDCCH, an ePDCCH with the aggregation level

being L (LL=1, 2, 4, 8) 1s formed by L eCCEs.

Manners 1 which a base station transmits the ePDCCH
include two transmission manners, namely, centralized or
localized (localized) and distributed (distributed) transmis-
sion manners. In the centralized or localized transmission
manner, control channels of the ePDCCH may be allocated
to consecutive time-frequency resources, and meanwhile the
base station sends the ePDCCH to a UE by using beam-
forming or precoding, so as to obtain a beamforming/
precoding gain. In the distributed transmission manner,
control channels of the ePDCCH may be allocated to
discrete time-ifrequency resources, so as to obtain a (Ire-
quency) diversity gain.

For the centralized or localized transmission manner,
betfore sending the ePDCCH to the user equipment, the base
station first configures a search space, that 1s, a PRB pair, for
the to-be-transmitted ePDCCH, and 4 eCCEs may be placed
in each PRB pair. Then, for the to-be-transmitted ePDCCH,
one ol candidate positions 1s selected from front to back
according to an arrangement order of the PRB pair to place
the ePDCCH to perform transmission, which 1s not condu-
cive to better sending of control information.

For example, for an ePDCCH that bears control informa-
tion and has an aggregation level of 1, the base station
configures a total of four PRB pairs including a PRB pair 3,
a PRB pair 4, a PRB pair 8, and a PRB pair 9. According to
the foregoing method, the base station transmits the ePD-
CCH only on the PRB pair 3 and the PRB pair 4. Even 1f the
base station learns, through feedback of the UE, that chan-
nels of the PRB pair 8 and the PRB pair 9 are better, the
cPDCCH with the aggregation level being 1 cannot be sent
on the PRB pair 8 or the PRB pair 9.

SUMMARY

Embodiments of the present invention provide a method,
a base station, and a user equipment for transmitting a
control channel, so as to improve flexibility of control
channel resource configuration, thereby facilitating better
sending of control information.

In a first aspect, an embodiment of the present invention
provides a method for transmitting a control channel, which
includes:

determiming m physical resource blocks for transmitting a
control channel, where any physical resource block among
the m physical resource blocks includes n sub-blocks, any
sub-block among the n sub-blocks can be used for placing a
control channel element, m>=1, and n>=1;

determining, according to an aggregation level L of the
to-be-transmitted control channel, the number M of candi-
date control channels, and using L control channel elements
to bear to-be-transmitted control information, where L>=1,
and L 1s an integer;

grouping mxn sub-blocks of the m physical resource
blocks, and obtaining Q interleave elements, where an
interleave element includes L. consecutive sub-blocks,
Q=tloor(mxn/L), and floor represents rounding down;



US 9,445,404 B2

3

performing 1nterleaving on the Q interleave elements;

mapping the M candidate control channels to M interleave
clements among the Q interleave elements that are inter-
leaved; and

sending the L. control channel elements by placing them
in 1 iterleave element among the M interleave elements.

In a second aspect, an embodiment of the present inven-
tion provides a method for transmitting a control channel,
which includes:

determining m physical resource blocks and x antenna
ports for transmitting a control channel, where any physical
resource block among the m physical resource blocks
includes n sub-blocks, each sub-block 1s used for placing a
control channel element, m>=1, and n>=1;

using, according to an aggregation level L of the to-be-
transmitted control channel, [ control channel elements to
bear the to-be-transmitted control channel, where L>=1, and
L. 1s an integer;

grouping mxn sub-blocks of the m physical resource
blocks, and obtaining Q interleave elements, where an
interleave element includes [ consecutive sub-blocks,
Q=tloor(mxn/L), floor represents rounding down, and 1index
numbers of the interleave elements are g=0, 1, . . ., Q-1;

performing arrangement and combination on the () inter-
leave elements and the x antenna ports to obtain (Qxx
combination elements; and

sending the L control channel elements through the com-
bination elements.

In a third aspect, an embodiment of the present invention
provides a method for receiving control information, which
includes:

obtaining information of m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, any sub-block among the n sub-blocks can be
used for placing a control channel element, m>=1, and
n>=1;

receiving, according to the information, control channel

clements 1 mxn sub-blocks of the m physical resource
blocks;

for an aggregation level L, determining the number M,

ol corresponding candidate control channels, where L 1s an
integer, K 1s an integer, and L - 1s any one of K aggregation
levels;

grouping the mxn sub-blocks of the m physical resource
blocks, and obtamning Q interleave elements, where an
interleave element includes L ,- consecutive sub-blocks, and
Q ~Hoor(mxn/Lg):;

performing interleaving on the Q, 1interleave elements;

mapping the M; candidate control channels to M, 1nter-
leave elements among the Q; 1nterleave elements that are
interleaved; and

performing detection on the M, interleave elements;
when a correct control channel 1s detected, obtaining,
through parsing, the to-be-recerved control information from
the correct control channel; when no correct control channel
1s detected, for another aggregation level among the K
aggregation levels, continuing to execute, starting from the
determining the number of corresponding candidate control
channels, subsequent steps until a correct control channel 1s
detected or all the control channel elements in the mxn
sub-blocks are traversed.

In a fourth aspect, an embodiment of the present invention
provides a method for transmitting a control channel, which
includes:

determining, by a base station, m physical resource blocks
for transmitting a control channel, where any physical
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resource block among the m physical resource blocks
includes n sub-blocks, a sub-block among the n sub-blocks
can be used for placing a control channel element, m>=1,
and n>=1;

setting () logical candidate elements, where Q=tloor(mx
n/L), L 1s an aggregation level of the to-be-transmitted
control channel, and floor represents rounding down;

determiming, according to the aggregation level L of the
to-be-transmitted control channel, the number M of candi-

date control channels;

determining M logical candidate elements among the Q
logical candidate elements, and mapping the Q logical
candidate elements to the m physical resource blocks; and

sending the to-be-transmitted control channel by placing
it 1n a physical resource to which a logical candidate element
1s mapped, where the logical candidate element 1s one of the
M logical candidate elements.

In a fifth aspect, an embodiment of the present invention
provides a method for receiving control information, which
includes:

obtaining information of m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, any sub-block among the n sub-blocks can be
used for placing a control channel element, m>=1, and
n>=1;

receiving, according to the imnformation, control channel
clements 1 mxn sub-blocks of the m physical resource
blocks:

for an aggregation level L, determining the number M,
of corresponding candidate control channels, where L 1s an
integer, K 1s an integer, and L, 1s any one of K aggregation
levels:

setting Q, logical candidate elements, where Q; =tloor
(mxn/L ), and floor represents rounding down;

determining M, logical candidate elements among the
Q. logical candidate elements, and mapping the Q,  logical
candidate elements to the m physical resource blocks; and

performing detection on physical resources to which the
M; logical candidate elements are mapped; when a correct
control channel 1s detected, obtaining, through parsing, the
to-be-received control information from the correct control
channel; when no correct control channel 1s detected, for
another aggregation level among the K aggregation levels,
continuing to execute, starting from the determining the
number of corresponding candidate control channels, sub-

sequent steps until a correct control channel 1s detected or all
the control channel elements 1 the mxn sub-blocks are
traversed.

In a sixth aspect, an embodiment of the present invention
provides a method for transmitting a control channel, which
includes:

determiming m physical resource blocks for transmitting a
control channel, where any physical resource block among
the m physical resource blocks includes n sub-blocks, every
¢ sub-blocks among mxn sub-blocks of the m physical
resource blocks are a sub-block group, the sub-block group
can be used for placing a control channel element, m>=1,
n>=1, and ¢c>=1;

setting QQ logical candidate elements, where Q=tloor(C/
L), C=tloor(mxn/c) 1s the number of sub-block groups 1n the
m physical resource blocks, L 1s an aggregation level of the
to-be-transmitted control channel, and floor represents
rounding down;

determining, according to the aggregation level L of the
to-be-transmitted control channel, the number M of candi-
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date control channels, and grouping the mxn sub-blocks 1n
the m physical resource blocks to obtain Q sub-blocks;

determining M logical candidate elements among the Q)
logical candidate elements;

performing interleaving on the Q logical candidate ele-
ments, and mapping the Q terleaved logical candidate
clements to the Q sub-blocks; and

sending the to-be-transmitted control channel by placing
it 1 a sub-block to which a logical candidate element 1s
mapped, where the logical candidate element 1s one of the M
logical candidate elements.

In a seventh aspect, an embodiment of the present inven-
tion provides a method for receiving a control channel,
which includes:

obtaining information of m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, every ¢ sub-blocks among mxn sub-blocks of
the m physical resource blocks are a sub-block group, the
sub-block group can be used for placing a control channel
element, m>=1, n>=1, and c¢>=1;

receiving, according to the information, control channel
clements 1n the mxn sub-blocks of the m physical resource
blocks:

for an aggregation level g, setting Q; logical candidate
elements, where Q, =tloor(C/Ly), C=floor(mxn/c) 1s the
number of sub-block groups in the m physical resource
blocks, L, 1s any one of K aggregation levels, and floor
represents rounding down;

determining, according to the aggregation level L, of the
to-be-transmitted control channel, the number M,  of can-
didate control channels, and grouping the mxn sub-blocks 1n
the m physical resource blocks to obtain Q, sub-blocks;

determining M, logical candidate elements among the
Q. logical candidate elements;

performing interleaving on the Q; logical candidate ele-
ments, and mapping the Q, 1interleaved logical candidate
elements to the Q,  sub-blocks; and

performing detection on M, _sub-blocks to which the M,
logical candidate elements are mapped; when a correct
control channel 1s detected, obtaining, through parsing, the
to-be-received control information from the correct control
channel; when no correct control channel 1s detected, for
another aggregation level among the K aggregation levels,
continuing to execute, starting from the determining the
number of corresponding candidate control channels, sub-
sequent steps until a correct control channel 1s detected or all
the control channel elements in the mxn sub-blocks are
traversed.

In an eighth aspect, an embodiment of the present inven-
tion provides a base station, which includes:

a resource configuration module, configured to determine
m physical resource blocks for transmitting a control chan-
nel, where any physical resource block among the m physi-
cal resource blocks includes n sub-blocks, every ¢ sub-
blocks among mxn sub-blocks of the m physical resource
blocks are a sub-block group, the sub-block group can be
used for placing a control channel element, m>=1, n>=1,
and ¢c>=1;

a logical setting module, configured to set Q logical
candidate elements, where Q=tloor(C/L), C=tloor(mxn/c) 1s
the number of sub-block groups in the m physical resource
blocks, L 1s an aggregation level of the to-be-transmitted
control channel, and floor represents rounding down;

a resource grouping module, configured to determine,
according to the aggregation level L of the to-be-transmaitted
control channel, the number M of candidate control chan-
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nels, and group the mxn sub-blocks 1n the m physical
resource blocks to obtain QQ sub-blocks;

a candidate determining module, configured to determine
M logical candidate elements among the Q logical candidate
elements;

a mapping module, configured to perform interleaving on
the Q logical candidate elements, and map the Q mterleaved
logical candidate elements to the Q sub-blocks; and

a channel sending module, configured to send the to-be-
transmitted control channel by placing 1t 1n a sub-block to
which a logical candidate element 1s mapped, where the
logical candidate element 1s one of the M logical candidate
clements.

In a ninth aspect, an embodiment of the present invention
provides a user equipment for receiving a control channel,
which includes:

a resource mmformation obtaimng module, configured to
obtain information of m physical resource blocks for trans-
mitting a control channel, where any physical resource block
among the m physical resource blocks includes n sub-
blocks, every ¢ sub-blocks among mxn sub-blocks of the m
physical resource blocks are a sub-block group, the sub-
block group can be used for placing a control channel
element, m>=1, n>=1, and c¢>=1;

a channel element recerving module, configured to
receive, according to the information, control channel ele-
ments 1 the mxn sub-blocks of the m physical resource
blocks;

a logical setting module, configured to, for an aggregation
level Lg, set Q; logical candidate clements, where
Qr ~Hloor(C/Lg), C=floor(mxn/c) 1s the number of sub-
block groups 1n the m physical resource blocks, L, 1s any
one of K aggregation levels, and floor represents rounding
down;

a resource grouping module, configured to determine,
according to the aggregation level L of the to-be-transmuitted
control channel, the number M;  of candidate control chan-
nels, and group the mxn sub-blocks 1 the m physical
resource blocks to obtain Q. sub-blocks;

a candidate determining module, configured to determine
M; logical candidate elements among the Q; logical can-
didate elements;

a mapping module, configured to perform interleaving on
the Qlogical candidate elements, and map the Q;  inter-
leaved logical candidate elements to the Q. sub-blocks; and

a control channel detecting module, configured to perform
detection on control channel elements placed in M, sub-
blocks to which the M, logical candidate elements are
mapped; when a correct control channel 1s detected, obtain,
through parsing, the to-be-recerved control information from
the correct control channel; when no correct control channel
1s detected, for another aggregation level among the K
aggregation levels, continue to execute, starting from the
determining the number of corresponding candidate control
channels, subsequent steps until a correct control channel 1s
detected or all the control channel elements 1n the mxn
sub-blocks are traversed.

A technical eflect of the method, base station, and user
equipment for transmitting a control channel according to
the embodiments of the present imnvention 1s: grouping 1s
performed, according to an aggregation level of the to-be-
transmitted control channel, on sub-blocks in physical
resource blocks configured by a base station for the to-be-
transmitted control channel, then interleaving 1s performed,
and then candidate control channels are mapped to the
interleaved sub-blocks, so that any candidate control chan-
nel of the to-be-transmitted control channel 1s sent on
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consecutive time-ifrequency resources as possible, and
meanwhile different candidate control channels are on dif-
terent PRB pairs as possible. In this way, the base station
may have better tlexibility during actual sending of the
¢PDCCH, thereby not only achieving a precoding gain and
facilitating better transmission of control information, but
also achieving a larger scheduling gain.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FI1G. 1 1s a flowchart of a method for transmitting a control
channel according to an embodiment of the present inven-
tion;

FIG. 2 1s a flowchart of a method for receiving control
information according to an embodiment of the present
imnvention;

FIG. 3A to FIG. 3F are schematic configuration diagrams
of a physical resource 1n a method for transmitting a control
channel according to Embodiment 1 of the present inven-
tion;

FI1G. 4A to FIG. 4C are schematic configuration diagrams
ol a physical resource 1n a method for transmitting a control
channel according to Embodiment 2 of the present inven-
tion;

FIG. 5 1s a schematic configuration diagram of a physical
resource 1 a method for transmitting a control channel
according to Embodiment 3 of the present invention;

FIG. 6 1s a schematic configuration diagram of a physical
resource 1n a method for transmitting a control channel
according to Embodiment 4 of the present invention;

FIG. 7 1s a flowchart of another method for transmitting
a control channel according to an embodiment of the present
imnvention;

FIG. 8 1s a flowchart of another method for receiving
control information according to an embodiment of the
present mvention;

FI1G. 9 1s a schematic configuration diagram of a physical
resource 1n a method for transmitting a control channel
according to Embodiment 6 of the present invention;

FIG. 10 1s a schematic diagram of a mapping 1n a method
for transmitting a control channel according to Embodiment
7 of the present mnvention;

FIG. 11 1s a flowchart of another method for transmitting,
a control channel according to an embodiment of the present
invention;

FIG. 12 1s a flowchart of another method for receiving a
control channel according to an embodiment of the present
invention;

FI1G. 13 1s a schematic configuration diagram of a physical
resource 1n a method for transmitting a control channel
according to Embodiment 13 of the present invention;

FIG. 14 1s a schematic configuration diagram of a first
kind of port 1n a method for transmitting a control channel
according to an embodiment of the present invention;

FIG. 15 1s a schematic configuration diagram of a second
kind of port 1n a method for transmitting a control channel
according to an embodiment of the present invention;

FIG. 16 1s a schematic configuration diagram of a third
kind of port in a method for transmitting a control channel
according to an embodiment of the present invention;

FI1G. 17 15 a flowchart of another method for transmitting
a control channel according to an embodiment of the present
invention;

FI1G. 18 1s a schematic configuration diagram of a logistics
resource i another method for transmitting a control chan-
nel according to an embodiment of the present invention;
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FIG. 19 1s a schematic structural diagram of a base station
according to an embodiment of the present invention; and

FIG. 20 1s a schematic structural diagram of a user
equipment for receiving a control channel according to an
embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention are mainly applied
to transmission ol a centralized/localized ePDCCH.

FIG. 1 1s a flowchart of a method for transmitting a control
channel according to an embodiment of the present inven-
tion. The method provided 1n this embodiment 1s executed
by a base station side, and as shown 1n FIG. 1, specifically
includes:

Operation 11: Determine m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, a sub-block among the n sub-blocks can be used
for placing a control channel element, m>=1, and n>=1.

Operation 12: Determine, according to an aggregation
level L of the to-be-transmitted control channel, the number
M of candidate control channels, and use L. control channel
elements to bear the to-be-transmitted control information,

where L.>=1, and L 1s an integer.
Candidate control channels corresponding to aggregation
levels may be as shown in the following table.

Aggregation Search Number M%) of
Space search level space s1ze candidate ePDCCHs
type L [eCCEs] (candidate)

UE-specific 1 6 6
(UE-specific) 2 12 6
4 8 2
8 16 2
Common 4 16 4
(Common) 8 16 2

Operation 13: Group mxn sub-blocks of the m physical
resource blocks, and obtain Q interleave elements, where an
interleave element includes L. consecutive sub-blocks,
Q=tloor(mxn/L), and floor represents rounding down.

Operation 14: Perform interleaving on the ) interleave
clements.

Operation 15: Map the M candidate control channels to M
interleave elements among the ) interleave elements that are
interleaved.

Operation 16: Send the L control channel elements by
placing them 1n 1 interleave element among the M 1nterleave
clements.

The performing 1nterleaving on the Q interleave elements
includes:

setting 1ndex numbers of the interleave elements to be
g=L I+1, ..., I+Q-1, and with the index numbers q starting
from I, performing arrangement sequentially from top to
bottom and from left to right, to obtain a Pxm interleave
matrix with a size being Q, where P 1s the number of rows
and equal to floor(n/L), and I 1s an integer;

or, with the index numbers q starting from I, performing
arrangement sequentially from left to right and from top to
bottom, to obtain an mxP 1nterleave matrix with a size being
Q, where P 1s the number of columns and equal to floor(n/L),
and I 1s an integer.

After obtaining the Pxm 1nterleave matrix with the size
being Q, the process of performing interleaving on the Q
interleave elements further includes:
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dividing the Pxm 1interleave matrix into two parts accord-
ing to columns; 1f m 1s an even number, interchanging a
(21)” column and a (2i+m/2)” column of the Pxm interleave
matrix, where 1 1s an integer, and 2<=21<=m/2; or, 1nter-

changing a (2i+1)” column and a (2i+m/2+1)” column of 3

the Pxm 1interleave matrix, where 1<=21+1<=m/2, so as to
obtain a first interleave matrix; and

if m is an odd number, interchanging a (2)” column and
a (2j+floor(m/2))” column of the Pxm interleave matrix,
where 1 1s an integer, and 2<=21<m/2; or, interchanging a
(2j+1)” column and a (2j+floor(m/2)+1)” column of the
Pxm 1nterleave matrix, where 1<=21+1<m/2, so as to obtain
a second interleave matrix:

or, if m is an odd number, interchanging a (2j)” column
and a (2j+floor(m/2))” column of the Pxm interleave matrix,
where 2<=2j<=floor(m/2)+1; or, interchanging a (2j+1)”
column and a (2j+floor(m/2)+1)” column of the Pxm inter-
leave matrix, where 1<21+1<=tloor(m/2)+1, so as to obtain
a second interleave matrix;

or, if m is an odd number, interchanging a (2j)” column
and a (2j+floor(m/2)+1)” column of the Pxm interleave
matrix, where 2<=2j<m/2; or, interchanging a (2j+1)” col-
umn and a (2j+1+floor(m/2)+1)” column of the Pxm inter-
leave matrix, where 1<=21+1<m/2, so as to obtain a second
interleave matrix.

The mapping to M mterleave elements among the
interleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M candidate control channels, where the
start position 1s a specific interleave element in the Pxm
interleave matrix; and

mapping the M candidate control channels to the M
interleave elements in the Pxm interleave matrix, where the
M interleave elements start from the specific interleave
clement and are arranged 1n order from left to right and from
top to bottom.

Or, the mapping to M 1nterleave elements among the Q)
interleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M candidate control channels, where the
start position 1s a specific interleave element 1n the Pxm
interleave matrix; and

mapping the M candidate control channels to the M
interleave elements 1n the Pxm 1interleave matrix, where the
M 1nterleave elements start from the specific interleave
clement and are arranged according to positions obtained
through increasing row and column positions of the specific
interleave element 1n the Pxm 1nterleave matrix by 1 each
time and performing a modulo operation.

The mapping to M interleave elements among the
interleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M candidate control channels, where the
start position 1s a specific interleave element 1n the first
interleave matrix or the second interleave matrix; and

mapping the M candidate control channels to the M
interleave elements in the first interleave matrix or the
second interleave matrix, where the M interleave elements
start from the specific interleave element and are arranged 1n
order from left to right and from top to bottom.

FIG. 2 1s a flowchart of a method for receiving control
information according to an embodiment of the present
invention. The method provided in this embodiment 1is
executed by a user equipment side, and as shown 1n FIG. 2,
specifically includes:

Operation 21: Obtain information of m physical resource
blocks for transmitting a control channel, where any physi-
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cal resource block among the m physical resource blocks
includes n sub-blocks, any sub-block among the n sub-
blocks can be used for placing a control channel element,
m>=1, and n>=1.

Operation 22: Receive, according to the information,
control channel elements 1 mxn sub-blocks of the m
physical resource blocks.

Operation 23: For an aggregation level L., determine the
number M, of corresponding candidate control channels,
where for M, _1s an integer, K 1s an integer, and L. 1s any one
of K aggregation levels.

The number of candidate control channels 1s the maxi-
mum number of times that the user equipment detects,
corresponding to an aggregation level of a downlink physi-
cal control channel, the control channel.

Operation 24: Group the mxn sub-blocks of the m physi-
cal resource blocks, and obtain QLI{ interleave elements,

where an interleave element includes L, consecutive sub-

blocks, and Q; =floor(mxn/Lg).

Operation 25: Perform terleaving on the Q,  interleave
clements.

Operation 26: Map the M,  candidate control channels to
M, interleave elements among the Q, 1interleave elements
that are interleaved.

Operation 27: Perform detection on the M, interleave
elements; when a correct control channel 1s detected, obtain,
through parsing, the to-be-recerved control information from
the correct control channel; when no correct control channel
1s detected, for another aggregation level among the K
aggregation levels, continue to execute, starting from the
determining the number of corresponding candidate control
channels, subsequent steps until a correct control channel 1s
detected or all the control channel elements in the mxn
sub-blocks are traversed.

In the foregoing operation 23, the performing interleaving,
on the Q;  1nterleave elements may include:

setting mndex numbers of the interleave elements to be
Q=L I+1, . . ., 1+Q, -1, and with the index numbers q
starting from O, performing arrangement sequentially from
top to bottom and from left to right, to obtain a Pxm
mterleave matrix with a size being Q, , where P 1s the
number of rows and equal to floor(n/L ), and I 1s an integer;

or, with the index numbers q starting from I, performing,
arrangement sequentially from left to right and from top to
bottom, to obtain an mxP 1nterleave matrix with a size being
Q... where P 1s the number of columns and equal to
floor(n/L ).

After obtaining the Pxm 1nterleave matrix with the size
being Q; , the process ot performing interleaving on the Q,
interleave elements further includes:

dividing the Pxm interleave matrix into two parts accord-
ing to columns; if m 1s an even number, interchanging a
(21)” column and a (2i+m/2)” column of the Pxm interleave
matrix, where 1 1s an integer, and 2<=21<=m/2; or, inter-
changing a (2i+1)” column and a (2i+m/2+1)” column,
where 1<=21+1<=m/2, so as to obtain a first interleave
matrix; and

if m is an odd number, interchanging a (2j)” column and
a (2j+floor(m/2))” column of the Pxm interleave matrix,
where 7 1s an mteger and 2<=21<m/2; or, mterchanging a
(2i+1)” column and a (2j+floor(m/2)+1)” column of the
Pxm 1nterleave matrix, where 1<=27+1<m/2, so as to obtain
a second interleave matrix:

or, if m is an odd number, interchanging a (2j)” column
and a (2j+floor(m/2))” column of the Pxm interleave matrix,
where 2<=2j<=floor(m/2)+1; or, interchanging a (2j+1)”
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column and a (2j+floor(m/2)+1)” column of the Pxm inter-
leave matrix, where 1<21+1<=tloor(m/2)+1, so as to obtain
a second interleave matrix;

or, if m is an odd number, interchanging a (2j)” column
and a (2j+floor(m/2)+1)” column of the Pxm interleave
matrix, where 2<=2j<m/2; or, interchanging a (2j+1)” col-
umn and a (2j+1+floor(n/2)+1)” column of the Pxm inter-
leave matrix, where 1<=21+1<m/2, so as to obtain a second
interleave matrix.

The mapping to M, _interleave elements among the Q;

interleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M, candidate control channels, where
the start position 1s a specific interleave element 1n the Pxm
interleave matrix; and

mapping the M, candidate control channels to the M, _

interleave elements 1in the Pxm interleave matrix, where the
interleave elements start from the specific interleave element
and are arranged 1n order from left to right and from top to
bottom.

Or, the mapping to M; interleave elements among the
Q.. Interleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M,  candidate control channels, where
the start position 1s a specific iterleave element 1n the Pxm
interleave matrix; and

mapping the M, candidate control channels to the M,

interleave elements in the Pxm interleave matrix, where the
M, interleave elements start from the specific interleave
clement and are arranged according to positions obtained
through increasing row and column positions of the specific
interleave element 1n the Pxm 1nterleave matrix by 1 each
time and performing a modulo operation.

Or, the mapping to M; interleave elements among the
Q. nterleave elements that are interleaved includes:

determining, according to a terminal-specific parameter, a
start position of the M, = candidate control channels, where
the start position 1s a specific interleave element 1n the first
interleave matrix or the second interleave matrix; and

mapping the M, candidate control channels to the M,

interleave elements in the first interleave matrix or the
second interleave matrix, where the M; 1interleave elements
start from the specific interleave element and are arranged 1n
order from left to right and from top to bottom.

The foregoing method for transmitting a control channel
1s Turther 1llustrated below 1n detail through Embodiment 1
to Embodiment 4.

Embodiment 1

FIG. 3A to FIG. 3E are a configuration schematic diagram
ol a physical resource 1n a method for transmitting a control
channel according to Embodiment 1 of the present inven-
tion.

In this embodiment, a base station needs to send an
cPDCCH with an aggregation level being 1 to a certain UE.

As shown 1n FIG. 3A, the base station configures 4 PRB
pairs for the to-be-sent ePDCCH: a PRB pair 0, a PRB pair
2, a PRB pair 4, and a PRB pair 7, so that the UE performs
blind detection in the 4 PRB pairs, and recerves the correct
control channel ePDCCH.

Each PRB pair includes 4 sub-blocks, the 4 PRB pairs
have a total of 16 sub-blocks, and each sub-block 1s capable
of placing 1 eCCE.

After the 4 PRB pairs are arranged 1n order of the PRB
pair O, the PRB pair 2, the PRB pair 4, and the PRB pair 7,
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as shown 1in FIG. 3B to FIG. 3E, the 16 sub-blocks are
numbered as 0, 1, 2, . . ., 15 in order.

According to the aggregation level of the to-be-transmiut-
ted ePDCCH, the sub-blocks O, 1, 2, . . ., 15 are grouped,

to obtain Q interleave elements.

For an aggregation level 1, as shown in FIG. 3B, a
sub-block 1s 1 interleave element, and 4 PRB pairs are
divided into 16 interleave elements. Since 1 sub-block 1s 1
interleave element, for ease of description, numbers of the
interleave elements herein are the same as numbers 0, 1,
2, ..., 15 of the sub-blocks.

For an aggregation level 2, as shown 1 FIG. 3C, two
adjacent sub-blocks are 1 interleave element, and 4 PRB
pairs are divided into 8 interleave elements 0, 1, 2, , 7.

For an aggregation level 4, as shown in FIG 3D 4
consecutive sub-blocks are 1 interleave element, and 4 PRB
pairs are divided into 4 interleave elements 0, 1, 2, and 3.

For an aggregation level 8, as shown in FIG. 3E, 8
consecutive sub-blocks are 1 interleave element, and 4 PRB
pairs are divided into 2 interleave elements 0 and 1.

In this embodiment, the aggregation level 1s 1, so that
interleaving 1s performed on the 16 interleave elements O, 1,
2, ..., 15.

Specifically, the 16 interleave elements starting from O are
arranged sequentially from top to bottom and from left to
right, to obtain a 4x4 interleave matrix with the size being
16, that 1s to say, the 16 interleave elements are written into
the 1nterleave matrix according to columns:

0 4 8 12
1 5 9 13
2 6 10 14
3 7 11 15

The 4x4 interleave matrix 1s divided into two halves,
namely, a first half and a second half. If n 1s an even number,
a (2i(2i<=n/2))"” column (or a (2i+1)” column) and a (2i+
n/2(2i+1+n/2))” column are interchanged. If n is an odd
number, a (2i(2i<floor(n/2)))” column (or a (2i+1)” column)
and a (2i+floor(n/2)(2i+1+n/2))” column are interchanged.

In this embodiment, n 1s 4, and after interchanging 1s

performed according to the foregoing method, a new inter-
leave matrix 1s obtained:

0 12 & 4
1 I3 9 35
2 14 10 6
3 15 11 7

In addition, the base station further obtains, according to
the aggregation level 1 of the to-be-transmitted ePDCCH,
that the number of candidate ePDCCHs 1s 6.

Then, as shown in FIG. 3F, the base station obtains,

through a UE-specific (UE specific) parameter, that a start
position of the 6 candidate ePDCCHs 1n the new interleave

matrix 1s 13, that 1s, the second sub-block 1n the PRB pair 7.
Six 1nterleave elements 13, 9, 5, 2, 14, and 10 starting {rom

the start position are used as physical resources of the 6
candidate ePDCCHs. The 6 interleave elements 9, 5, 2, 14,
and 10 correspond to the second sub-block 1n the PRB pair
4, the second sub-block 1n the PRB pair 2, the third sub-
block 1n the PRB pair 0, the third sub-block in the PRB pair
7, and the third sub-block in the PRB pair 4 respectively.
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Finally, the base station sends the to-be-transmitted ePD-
CCH by placing 1t 1n any sub-block among the sub-blocks
13,9, 5, 2, 14, and 10.

Correspondingly, when the UE side receives the control
channel, the UE first obtains search space information of the

to-be-received ePDCCH: the PRB pair O, the PRB pair 2, the
PRB pair 4, and the PRB pair 7. The UE may obtain the

search space information from information sent by the base
station.

The UE does not know the aggregation level of the
to-be-received ePDCCH, so that for all predefined aggrega-
tion levels, such as 1, 2, 4, and 8, the UE adopts the same
interleaving method as the base station, then maps the
candidate ePDCCHs to an interleave element that 1s inter-
leaved, and detects an ePDCCH placed in the interleave
clement that 1s mapped to. The interleaving method and the
mapping method of the base station side may be solidified in

the UE.

If for the aggregation level 8, the UE cannot detect the
correct ePDCCH by adopting the foregoing method, the UE
continues to perform searching for an aggregation level
among the aggregation levels 1, 2, and 4 according to the
foregoing method 1 this embodiment.

If for the aggregation level 1, the UE detects the correct
cPDCCH by adopting the foregoing method 1n this embodi-
ment, the UE obtains, through parsing, control information
from the ePDCCH, and stops receiving the control channel,
so as not to search the search space again for cases of the rest
aggregation levels 2 and 4.

In this embodiment, the UE detects the correct control
channel 1n the second sub-block 1n the PRB pair 4, the
second sub-block 1n the PRB pair 2, the third sub-block 1n
the PRB pair 0, the third sub-block 1n the PRB pair 7, and
the third sub-block 1n the PRB pair 4.

Embodiment 2

FI1G. 4A to FIG. 4C are schematic configuration diagrams
ol a physical resource 1n a method for transmitting a control
channel according to Embodiment 2 of the present mnven-
tion.

In this embodiment, a base station needs to send an
¢PDCCH with an aggregation level being 1 to a certain UE.

The base station may obtain, according to the aggregation
level 1 of the to-be-transmitted ePDCCH, that the number of
candidate ePDCCHs 1s 6.

In addition, as shown 1n FIG. 4A, the base station con-
figures 6 PRB pairs for the to-be-sent ePDCCH: a PRB pair

0, a PRB pair 2, a PRB pair 4, a PRB pair 7, a PRB pair 9,
and a PRB pair 11, so that the UE performs blind detection
in the 6 PRB pairs, and receives the correct control channel

ePDCCH.

Similar to that in Embodiment 1, each PRB pair includes
4 sub-blocks, the 4 PRB pairs have a total of 16 sub-blocks,

and each sub -block 1s capable of placing 1 eCCE.

After the 6 PRB pairs are arranged 1n order of the PRB
pair 0, the PRB pair 2, the PRB pair 4, the PRB pair 7, the
PRB pair 9, and the PRB pair 11, as shown 1n FIG. 4B, the

24 sub-blocks are numbered as 0, 1, 2, . . ., 23 1n order.

Similar to that 1n Embodiment 1, after interleaving is
performed on the 24 sub-blocks, an interleave matrix 1s
obtained:
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04 8 12 16 20
15 9 13 17 21
2 6 10 14 18 22
37 11 15 19 23

According to a UE-specific parameter, it 1s determined
that the 6 candidate ePDCCHs are mapped to 6 sub-blocks
among the 24 sub-blocks. As shown i FIG. 4C, a start
position, that 1s, a sub-block 0, for placing the 6 candidate
cPDCCHs 1s obtained through the UE-specific parameter.
Then, row and column positions of the sub-block 0 1n the
interleave matrix are increased by 1 each time, and a modulo
operation 1s performed for the number of rows and the
number of columns respectively, to obtain row and column
positions of a next sub-block for placing the 6 candidate
cPDCCHs, so as to obtain a corresponding sub-block 3;
similarly, other sub-blocks 10, 13, 16, and 21 for placing the
6 candidate ePDCCHs are obtained sequentially.

Specifically, as shown 1n FIG. 4B, the 6 candidate ePD-
CCHs are mapped to the sub-blocks 0, 5, 10, 15, 16, and 21
among the 24 sub-blocks, which are a first sub-block 1n the
PRB pair 0, a second sub-block in the PRB pair 2, a third
sub-block 1n the PRB pair 4, a fourth sub-block in the PRB
pair 7, a first sub-block 1n the PRB pair 9, and a second
sub-block 1n the PRB pair 11 respectively.

Finally, the to-be-transmitted ePDCCH 1s placed 1n a
sub-block among the 6 sub-blocks that are mapped to for
sending. In other words, one of the 6 candidate ePDCCHs 1s
used to bear to-be-transmitted control information, and
finally, the ePDCCH that bears the control information, that
1s, the to-be-transmitted ePDCCH, 1s placed in a sub-block
among the 6 sub-blocks that are mapped to for sending.

A method for a UE to receive the control channel 1is
substantially the same as that in Embodiment 1, and a
difference lies 1n that an interleaving method and a mapping
method adopted by the UE side are methods adopted by the
base station in this Embodiment 2.

In this embodiment, the UE detects, by traversing aggre-
gation levels, the correct ePDCCH 1n the first sub-block 1n
the PRB pair 0, the second sub-block 1n the PRB pair 2, the
third sub-block 1n the PRB pair 4, the fourth sub-block in the
PRB pair 7, the first sub-block 1n the PRB pair 9, or the
second sub- block in the PRB pair 11.

Embodiment 3

This embodiment 1s substantially the same as Embodi-
ment 2, and a difference lies in a manner of mapping
candidate ePDCCHs to physical resources.

As shown 1n FIG. 3, a start position that 1s, a sub-block
0, for placing 6 candidate ePDCCHs 1s obtained through a
UE -spec1ﬁc parameter. Subsequent 5 sub-blocks 4, 8, 12, 16,
and 20 1n a row where the sub-block O 1s located are also
used as physical resources for placing the 6 candidate

¢PDCCHs, which correspond to a first sub-block of a PRB
pair 0, a first sub-block of a PRB pair 2, a first sub-block of
a PRB pair 4, a first sub-block of a PRB pair 7, a first
sub-block of a PRB pair 9, and a first sub-block of a PRB
pair 11 respectively.

It 1s assumed that the foregoing are resources configured
to send an ePDCCH to a UEL. It can be seen that, the 6
candidate ePDCCHs are configured 1in different PRB pairs,
and 1n this way, for another user UE2, if an ePDCCH of the
same aggregation level needs to be sent, a base station may
configure sub-blocks deviating from the resources of the
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UE1 1n the different PRB pairs. For example, for the UE2,
the base station uses the second sub-blocks on all PRB pairs
0,2,4,7,9,and 11 to send a candidate ePDCCH. If the base
station also configures the PRB pair 0 as a PRB pair for the
UE2 for transmitting the ePDCCH, when the base station
sends an ePDCCH with the aggregation level being 1 on the
PRB pair 0 for the UE2, the second sub-block 1s occupied,
which does not contlict with the physical resources occupied
by the UEIL.

A method for a UE to receive the control channel 1s
substantially the same as that n Embodiment 1, and a
difference lies 1n that an interleaving method and a mapping
method adopted by the UE side are methods adopted by the
base station 1n this Embodiment 3.

In this embodiment, the UE detects, by traversing aggre-
gation levels, the correct ePDCCH 1n the first sub-block 1n
the PRB pair 0, the first sub-block 1n the PRB pair 2, the first
sub-block 1n the PRB pair 4, the first sub-block in the PRB
pair 7, the first sub-block 1n the PRB pair 9, or the first
sub-block 1n the PRB pair 11.

Embodiment 4

FIG. 6 1s a schematic configuration diagram of a physical
resource 1n a method for transmitting a control channel
according to Embodiment 4 of the present invention.

This embodiment 1s substantially the same as Embodi-
ment 1, and a difference lies in a manner of mapping

candidate ePDCCHs to physical resources.
As shown in FIG. 6, 6 candidate ePDCCHs are mapped to

a first sub-block in a PRB pair 0, a second sub-block in the
PRB pair O, a second sub-block 1n a PRB pair 2, a third
sub-block in the PRB pair 2, a third sub-block 1n a PRB pair
4, and a fourth sub-block 1n a PRB pair 7 respectively.

The above embodiment i1s for a case that physical
resources occupied by a candidate ePDCCH do not exceed
one PRB pair, and an integer number of candidate ePDCCHs
may be placed in one PRB pair. For a certain aggregation
level, when physical resources occupied by a candidate
cPDCCH exceed one PRB pair, for example, an aggregation
level 8, the candidate ePDCCH needs to occupy two PRB
pairs, the number of rows or the number of columns of an
interleave matrix 1s 1, and other operations remain
unchanged.

A method for a UE to receive the control channel 1s
substantially the same as that n Embodiment 1, and a
difference lies 1n that an 1nterleaving method and a mapping
method adopted by the UE side are methods adopted by the
base station in this Embodiment 4.

In this embodiment, the UE detects, by traversing aggre-
gation levels, the correct ePDCCH 1n the first sub-block 1n
the PRB pair 0, the second sub-block 1n the PRB pair O, the
second sub-block 1n the PRB pair 2, the third sub-block 1n
the PRB pair 2, the third sub-block in the PRB pair 4, or the
fourth sub-block in the PRB pair 7.

Embodiment 5

This embodiment 1s for a case that for a certain aggrega-
tion level, an mteger number of candidate ePDCCHSs cannot
be placed 1n one PRB pair. Operations are substantlally the
same as those in the above embodiment, and a difference lies
in that, when an integer number of ePDCCHs cannot be
placed 1in physical resources of occupied PRB pairs of a
search space of to-be-transmitted ePDCCHs, a sub-block
that 1s not suflicient for placing an ePDCCH 1s removed
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from the search space, where a sub-block 1n a foremost PRB
pair may be removed, or a sub-block in a last PRB pair may
be removed.

Or, all sub-blocks of all PRB pairs are grouped according,
to the foregoing method, and interleave elements obtained
through grouping are arranged into an interleave matrix
according to the method described in the foregoing embodi-
ment. When the number of rows multiplied by the number
of columns of the interleave matrix 1s larger than the number
of imnterleave elements, null (NULL) elements are used to fill
the interleave matrix up. When candidate ePDCCHs are
mapped to the mterleave elements in the interleave matrix,
if 1t 1s determined that row and column positions 1n the
interleave matrix, to which a certain candidate ePDCCH 1s
mapped, are a null element, the row and column positions
are skipped until next row and column positions for placing
the interleave element are found.

A method for a UE to receive the control channel is
substantially the same as that in Embodiment 1, and a
difference lies 1n that an interleaving method and a mapping
method adopted by the UE side are methods adopted by the
base station in this Embodiment 3.

In the method provided in the embodiment of the present
invention, grouping 1s performed, according to an aggrega-
tion level of the to-be-transmitted control channel, on the
sub-blocks 1n the physical resource blocks configured by the
base station for the to-be-transmitted control channel, then
interleaving 1s performed, and then the candidate control
channels are mapped to the interleaved sub-blocks, so that
any candidate control channel of the to-be-transmitted con-
trol channel 1s sent on consecutive time-frequency resources
as possible, and meanwhile different candidate control chan-
nels are on different PRB pairs as possible. In this way, the
base station may have better tlexibility during actual sending
of the ePDCCH, thereby not only achieving a precoding
gain, but also achieving a larger scheduling gain.

FIG. 7 1s a flowchart of another method for transmitting,
a control channel according to an embodiment of the present
invention. The method described in this embodiment 1s
executed by a base station, and as shown 1n FIG. 7, specifi-
cally includes:

Operation 71: A base station determines m physical
resource blocks for transmitting a control channel, where
any physical resource block among the m physical resource
blocks 1ncludes n sub-blocks, any sub-block among the n
sub-blocks can be used for placing a control channel ele-
ment, m>=1, and n>=1.

Operation 72: Set QQ logical candidate elements, where
Q=tloor(mxn/L), L 1s an aggregation level of the to-be-
transmitted control channel, and floor represents rounding
down.

Operation 73: Determine, according to the aggregation
level L of the to-be-transmitted control channel, the number
M of candidate control channels.

For the determining the number M of candidate control
channels, M consecutive logical candidate elements among
the Q logical candidate elements may be determined accord-
ing to a user equipment-specific parameter.

Operation 74: Determine M logical candidate elements
among the Q logical candidate elements, and map the Q
logical candidate elements to the m physical resource
blocks. The logical candidate elements may be understood
as virtual physical resources that can be used for placing a
control channel.

Operation 75: Send the to-be-transmitted control channel
by placing 1t 1n a physical resource to which a logical
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candidate element 1s mapped, where the logical candidate
clement 1s one of the M logical candidate elements.

The mapping the Q logical candidate elements to the m
physical resource blocks includes:

setting index numbers of the Q logical candidate elements
to be g=I, I+1, . . ., I+QQ-1, where I 1s an integer;

setting, according to a sequence of the m physical
resource blocks, virtual numbers r=J, J+1, . .., J+m-1 for
the m physical resource blocks, where I 1s an integer;

dividing each physical resource block among the m
physical resource blocks mto P basic candidate elements,
where a basic candidate element includes L consecutive
sub-blocks, K=tloor(n/LL), an index number of the basic
candidate element 1s (k, r), k=W, W+1, ..., W+P-1, and W
1s an 1nteger; and

mapping the Q logical candidate elements to physical
resources corresponding to QQ basic candidate elements.

The mapping the Q logical candidate elements to physical
resources corresponding to () basic candidate eclements
includes:

a first step: setting g=I, k=W, and r=1J;

a second step: mapping a q” logical candidate element to
a physical resource corresponding to the basic candidate
clement (k, r), and executing a third step;

the third step: setting g=q+1; 11 g=I+Q-1, ending the
mapping; otherwise, executing a fourth step;

the fourth step: setting r=r+1;

if r<m, executing the second step;

if r=m, setting =0, and executing a fifth step; and

a fifth step: setting k=k+1; k=k mod P, and executing the
second step.

Or, when m 1s an even number, the mapping the Q logical
candidate elements to physical resources corresponding to O
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

if 1 1s an even number, r=1+J;

if 1 1s an odd number and 1<floor(m/2), r=1+J+floor(im/2);

i1 1 1s an odd number and 1>=floor(m/2), r=1+J-tloor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: q=q+1;

if g>I1+Q-1, ending the mapping;

otherwise, 11 (q—I) mod m=0, executing a fourth step, and
if (g-1) mod m=0, executing the second step; and the fourth
step: k=k+1; k=(k—W) mod P, and executing the second step.

Or, when m 1s an even number, the mapping the Q logical
candidate elements to physical resources corresponding to O
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—1) mod m, where 1 1s a varniable;

if 1 1s an odd number, r=1+1J;

if 1 1s an even number and 1<floor(m/2), r=1+J+floor(im/2);

if 1 1s an even number and 1>=floor(m/2), r=1+J-floor(m/
2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

il g>I+Q-1, ending the mapping;

otherwise, 1f (q—1) mod m=0, executing a fourth step, and

if (g-I) mod m=0, executing the second step; and
the fourth step: k=k+1; k=(k—-W) mod P, and executing the

second step.
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Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to (Q
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(g—I) mod m, where 1 1s a
variable:

1f 1 1s an even number or 1=m-1, r=1+J; 1f 1 1s an odd
number and 1<tloor(m/2), r=1+J+floor(m/2); 11 1 1s an odd
number, 1'=m-1, and 1>=floor(m/2), r=1+J-tloor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;

the third step: g=q+1;

1 g>I1+Q-1, ending the mapping;

otherwise, 11 (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—W) mod P, and executing the
second step.

Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to (O
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—1) mod m, where 11s a varniable;

1f 1 1s an odd number or i=m-1, r=1+1J;

111 1s an even number and 1<floor(m/2), r=1+J+tloor(m/2);

11 1 1s an even number, 1!=m-1, and 1>=floor(m/2), r=1+
J-tloor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;

the third step: q=q+1;

i g>I1+Q-1, ending the mapping;

otherwise, i (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—W) mod P, and executing the
second step.

Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to (O
basic candidate elements includes:

a first step: setting gq=I, and k=W;

a second step: setting 1=(q—1) mod m, where 11s a varniable;

1f 1 1S an even number or 1=0, r=1+1J;

i1 1 1s an odd number, 1!=0, and 1<floor(m/2)+1, r=1+J+
floor(m/2);

11 1 1s an odd number, (1+J)!=m-1, and 1>=floor(m/2)+1,
r=1+J-floor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;

the third step: g=q+1;

1 g>I1+Q-1, ending the mapping;

otherwise, 11 (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—W) mod P, and executing the
second step.

Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to O
basic candidate elements includes:

a first step: setting gq=I, and k=W;

a second step: setting 1=(q—1) mod m, where 1 1s a vanable;

1f 1 1s an odd number or 1=0, r—=1+1J;

11 1 1s an even number, 1!=0, and 1<tfloor(m/2)+1, r=1+J+
floor(m/2);

11 1 15 an even number, (1+J])!=m-1, and 1>=floor(m/2)+1,
r=1+J-floor(m/2);
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mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

i g>I+Q-1, ending the mapping;

otherwise, 1f (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—W) mod P, and executing the
second step.

Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to O
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

if 1 1s an even number and 1<m/2; or, 1f 1=floor(m/2)+1; or,
it 1 1s an odd number and 1>m/2, r=1+J;

if 1 1s an odd number, and 1<m/2, r=1+J+floor(m/2)+1;

if 1 1s an even number, and 1>m/2, r=1+J-floor(m/2)-1;

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: q=q+1;

i g>I+Q-1, ending the mapping;

otherwise, 11 (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—-W) mod P, and executing the
second step.

Or, when m 1s an odd number, the mapping the Q logical
candidate elements to physical resources corresponding to O
basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

if 1 1s an odd number and 1<m/2; or, 11 1=floor(m/2)+1; or,
1f 1 1s an even number and 1>m/2, r=1+1J;

if 1 1s an even number and 1<m/2, r=1+J+tloor(m/2)+1;

if 1 1s an odd number, and 1>m/2, r=1+J-floor(m/2)-1;

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

i g>I+Q-1, ending the mapping;

otherwise, if (q—-1) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—-W) mod P, and executing the
second step.

Correspondingly, FIG. 8 1s a flowchart of another method
for receiving control imnformation according to an embodi-
ment of the present invention. The method described 1n this
embodiment 1s executed by a UE, and as shown in FIG. 8,
includes:

Operation 81: Obtain information of m physical resource
blocks for transmitting a control channel, where any physi-
cal resource block among the m physical resource blocks
includes n sub-blocks, any sub-block among the n sub-
blocks can be used for placing a control channel element,
m>=1, and n>=1.

Operation 82: Receive, according to the information,
control channel elements 1 mxn sub-blocks of the m
physical resource blocks.

Operation 83: For an aggregation level L., determine the
number M, of corresponding candidate control channels,
where L 1s an 1nteger, K 1s an integer, and L. 1s any one of
K aggregation levels.

Operation 84: Set Q, logical candidate elements, where
Q ~Hoor(mxn/Lg), and floor represents rounding down.
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Operation 85: Determine M logical candidate elements
among the Q, logical candidate elements, and map the Q,
logical candidate elements to the m physical resource
blocks.

Operation 86: Perform detection on physical resources to
which the M, logical candidate elements are mapped; when
a correct control channel 1s detected, obtain, through pars-
ing, the to-be-received control information from the correct
control channel; when no correct control channel 1s detected,
for another aggregation level among the K aggregation
levels, continue to execute, starting from the determining the
number of corresponding candidate control channels, sub-
sequent steps until a correct control channel 1s detected or all
the control channel elements i the mxn sub-blocks are
traversed.

The operation of determining M;  logical candidate ele-
ments among the Q, logical candidate elements 1s the same
as that in the method of the embodiment shown in FIG. 7,
and includes:

determiming, according to a user equipment-specific
parameter, M; consecutive logical candidate elements
among the Q, logical candidate elements.

T'he mapping the Q, logical candidate elements to the m
physical resource blocks includes:

setting index numbers of the Q,  logical candidate ele-
ments to be g=1, I+1, . . ., [+Q, -1, where I 1s an integer;

setting, according to a sequence ol the m physical
resource blocks, virtual numbers r=J, J+1, . . ., J+m-1 for
the m physical resource blocks, where I 1s an integer;

dividing each physical resource block among the m
physical resource blocks mto P, basic candidate elements,
where a basic candidate element includes L consecutive
sub-blocks, P; =tloor(n/Lg), an index number of the basic
candidate element 1s (k, 1), k=W, W+1, . . ., W+PLK—13 and
W 1s an integer; and

mapping the Q; logical candidate elements to physical
resources corresponding to Q, basic candidate elements.

The operation of mapping the Q;_ logical candidate ele-
ments to physical resources corresponding to Q, basic
candidate elements 1s the same as that 1n the method of the
embodiment shown 1 FIG. 7.

Specifically, the mapping the Q,  logical candidate ele-
ments to physical resources corresponding to Q  basic
candidate elements may include:

a first step: setting g=I, k=W, and r=I;

a second step: mapping a q” logical candidate element to
a physical resource corresponding to the basic candidate
clement (k, r), and executing a third step;

the third step: setting q=q+1; it g>I+Q, -1, ending the
mapping; otherwise, executing a fourth step;

the fourth step: setting r=r+1;

1f r<m, executing the second step;

1 r=m, setting r=0, and executing a {ifth step; and

the fifth step: setting k=k+1; k=k mod P; , and executing
the second step.

Or, when m 1s an even number, the mapping the Q;
logical candidate elements to physical resources correspond-
ing to Q basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—1) mod m, where 1 1s a vanable;

1f 1 1s an even number, r=1+1J;

11 1 1s an odd number and 1<tloor(m/2), r=1+J+tloor(m/2);

1111s an odd number and 1>=tloor(m/2), r=1+J-tloor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;
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the third step: g=q+1;

if g>I1+Q-1, ending the mapping;

otherwise, 11 (q—1) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—-W) mod P, , and executing
the second step.

Or, when m 1s an even number, the mapping the Q,

logical candidate elements to physical resources correspond-
ing to Q basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

if 1 1s an odd number, r=1+1J;

if 1 1s an even number and 1<floor(m/2), r=1+J+tloor(m/2);

if 1 1s an even number and 1>=floor(m/2), r=1+J-floor(m/
2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

if g>1+Q; -1, ending the mapping;

otherwise, 11 (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k-W) mod P; , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q, logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

if 1 1s an even number or 1=m-1, r=1+J;

if 1 1s an odd number and 1<floor(m/2), r=1+J+floor(m/2);

if 1 15 an odd number, 1'=m-1, and 1>=floor(m/2), r=1+J-
floor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

if ¢>1+Q; ~1, ending the mapping; otherwise, 1t (q-I)
mod m=0, executing a four step, and if (g—I) mod m=0
executing the second step; and

the fourth step: k=k+1; k=(k—-W) mod P, , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q, _logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

1if 1 1s an odd number or 1=m-1, r=1+J;

if 1 1s an even number and 1<floor(m/2), r=1+J+tloor(m/2);

if 1 1s an even number, 1'=m-1, and 1>=tloor(m/2), r=1+
J-floor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

it g>1+Q, -1, ending the mapping;

otherwise, if (q—-1) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k-W) mod P; , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q,_logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—-1) mod m, where 11s a variable;

1f 1 1s an even number or 1=0, r=1+1J;

10

15

20

25

30

35

40

45

50

55

60

65

22

i1 1 1s an odd number, 1'=0, and 1<tloor(m/2)+1, r=1+J+
floor(m/2);

11 1 1s an odd number, (1+J)!=m-1, and 1>=floor(m/2)+1,
r=1+J-floor(m/2);

mapping a g logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;

the third step: q=q+1;

it ¢>14+Q, -1, ending the mapping;

otherwise, i (q—I) mod m=0, executing a fourth step, and
if (g-1) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k-W) mod P; , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q, logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting gq=I, and k=W;

a second step: setting 1=(q—1) mod m, where 1 1s a vanable;

1f 1 1s an odd number or 1=0, r—=141J;

i1 1 1s an even number, 1!=0, and 1<tloor(m/2)+1, r=1+J+
floor(m/2);

11 1 15 an even number, (1+J)!=m-1, and 1>=floor(m/2)+1,
r=1+J-floor(m/2);

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: q=q+1;

it ¢>1+Q, ~1, ending the mapping;

otherwise, i (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k-W) mod P; , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q; _logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—1) mod m, where 1 1s a vaniable;

11 11s an even number and 1<m/2; or, 11 i=tloor(m/2)+1; or,
it 1 1s an odd number and 1>m/2, r=1+J;

11 1 1s an odd number, and 1<m/2, r=1+J+floor(m/2)+1;

11 1 1s an even number, and 1>m/2, r=1+J-floor(m/2)-1;

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

it g>1+Q, —1, ending the mapping; otherwise, 1t (q-I)
mod m=0, executing a fourth step, and 11 (g-I) mod m==0,
executing the second step; and

the fourth step: k=k+1; k=(k-W) mod P; , and executing
the second step.

Or, when m 1s an odd number, the mapping the Q, logical
candidate elements to physical resources corresponding to
Q. basic candidate elements includes:

a first step: setting g=I, and k=W;

a second step: setting 1=(q—1) mod m, where 11s a varniable;

11 1 1s an odd number and 1<m/2; or, if 1=floor(m/2)+1; or,
1f 1 1s an even number and 1>m/2, r=1+1J;

11 1 1s an even number and 1<m/2, r=1+J+tloor(m/2)+1;

i1 1 1s an odd number, and 1>m/2, r=1+J+tloor(m/2)-1;

mapping a q” logical candidate element to a physical
resource corresponding to the basic candidate element (k, 1),
and executing a third step;

the third step: g=q+1;

it ¢>1+Q; ~1, ending the mapping;

otherwise, i (q—I) mod m=0, executing a fourth step, and
if (g-I) mod m=0, executing the second step; and
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the tourth step: k=k+1; k=(k—-W) mod P; , and executing
the second step.

In the embodiment of the present invention, the deter-
mimng M logical candidate elements or interleave elements
according to the UE-specific parameter may also be specifi-
cally implemented through the following manner.

The logical candidate elements are used as an example,
and 1t 1s assumed that in configured PRB pairs, for the
aggregation level L, the number of candidate ePDCCHs 1s
M, and the number of logical candidate elements 1s Q. A
method for determining indexes of M logical candidates
according to the UE-specific parameter includes:

using a formula I=(AxD) mod (Q) to determine an index
number of a first logical candidate element among the M
logical candidate elements, where M consecutive logical
candidate elements I, I+1, . . . , I+M-1 starting from the
determined index number of the first logical candidate
clement are finally determined M logical candidate ele-
ments.

A=39827, and D 1s the UE-specific parameter, such as an
UE identification number of the UE and a UE-specific
number configured by the base station for the UE.

Or, a formula I,=(AxI,_,) mod (Q) 1s used to determine an
index number of a first logical candidate element among the
M logical candidate elements, where M consecutive logical
candidate elements starting from the determined index num-
ber of the first logical candidate element are finally deter-
mined M logical candidate elements. Index numbers of the
M consecutive logical candidate elements are not consecu-
tive.

k=0, 1, . . ., M-1, A=39827, and I_,=D, which 1s the
UE-specific parameter, such as an UE 1dentification number
of the UE and a UE-specific number configured by the base
station for the UE.

The methods shown in FIG. 7 and FIG. 8 are further
illustrated below 1n detail through Embodiment 6 and
Embodiment 7.

Embodiment 6

FIG. 9 1s a schematic configuration diagram of a physical
resource 1 a method for transmitting a control channel
according to Embodiment 6 of the present invention.

In this embodiment, a base station needs to send an
cPDCCH with an aggregation level being 1, and configures
6 PRB pairs for the to-be-transmitted ePDCCH: a PRB pair
0, a PRB pair 2, a PRB pair 4, a PRB pair 7, a PRB pair 9,
and a PRB pair 11.

Each PRB pair includes 4 sub-blocks, and the 6 PRB pairs
have a total of 24 sub-blocks.

According to Q=floor(mxn/L )=tloor(6x4/1)=24, 24 logi-
cal candidate elements are set, and index numbers g=lI,
I+1, ..., I+23, where I may be any integer.

According to a sequence of the 6 PRB pairs, virtual
numbers r=J, J+1, J+5 are set for the 6 PRB pairs, where J
1S an 1nteger.

According to K=floor(n/L)=tloor(4/1)=4, the sub-blocks
in each PRB pair among the 6 PRB pairs are divided mto 4
basic candidate elements, and since the aggregation level 1s
1 herein, 1 sub-block 1s actually 1 basic candidate element.

An 1index number of the basic candidate element in the 6
PRB pairs is (k, r), that is, a P” basic candidate element in
an r” PRB pair, where k=W, W+1, ..., W+3, and W is an
integer.

The mapping the 24 logical candidate elements to physi-
cal resources corresponding to 24 basic candidate elements
includes:
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a first step: setting g=I, k=W, and r=J, where for ease of
description, 1n this embodiment, 1t 1s set that I=W=J=0;

a second step: mapping a q” logical candidate element to
a physical resource corresponding to the basic candidate
clement (k, r), and executing a third step;

the third step: setting g=q+1; 1 g>I+Q-1, ending the
mapping; otherwise, executing a fourth step;

the fourth step: setting r=r+1;

1I r<m, executing the second step;

1 r=m, setting r=0, and executing a {ifth step; and

the fifth step: setting k=k+1; k=k mod 4, and executing the
second step.

A final mapping result 1s shown i FIG. 9. When 6
consecutive logical candidate elements determined by the
base station among the 24 logical candidate elements
according to a user-specific parameter are 0 to 5” logical
candidate elements, they are, after being mapped to physical
resources, a basic candidate element (0,0), a basic candidate
clement (0,1), a basic candidate element (0,2), a basic
candidate element (0,3), a basic candidate element (0,4), and
a basic candidate element (0,5), that 1s, 6 candidate ePD-
CCHs are actually mapped to a first sub-block in the PRB
pair O, a first sub-block 1n the PRB pair 2, a first sub-block
in the PRB pair 4, a first sub-block 1n the PRB pair 7, a first
sub-block in the PRB pair 9, and a first sub-block 1n the PRB
pair 11 respectively.

The to-be-transmitted ePDCCH 1s placed on a sub-block
among the first sub-block 1 the PRB pair O, the first
sub-block 1n the PRB pair 2, the first sub-block in the PRB
pair 4, the first sub-block in the PRB pair 7, the first
sub-block 1n the PRB pair 9, and the first sub-block in the
PRB pair 11 for sending.

Correspondingly, when the UE side receives the control
channel, the UE first obtains search space information of the
to-be-received ePDCCH: the PRB pair O, the PRB pair 2, the
PRB pair 4, and the PRB pair 7. The UE may obtain the
search space information from information sent by the base
station.

The UE does not know the aggregation level of the
to-be-received ePDCCH, so that for all predefined aggrega-
tion levels, such as 1, 2, 4, and 8, the UE adopts the same
interleaving method as the base station, then maps the
candidate ePDCCHs to an interleave element that 1s inter-
leaved, and detects an ePDCCH placed in the interleave
clement that 1s mapped to. The interleaving method and the
mapping method of the base station may be solidified 1n the
UE.

If for the aggregation level 8, the UE cannot detect the
correct ePDCCH by adopting the foregoing method, the UE
continues to perform searching for an aggregation level
among the aggregation levels 1, 2, and 4 according to the
foregoing method 1n this embodiment.

If for the aggregation level 1, the UE detects the correct
cPDCCH by adopting the foregoing method 1n this embodi-
ment, the UE obtains, through parsing, control information
from the ePDCCH, and stops receiving the control channel,
so as not to search the search space again for cases of the rest
aggregation levels 2 and 4.

In this embodiment, the UE detects the correct control

channel 1n the first sub-block 1n the PRB pair O, the first
sub-block 1n the PRB pair 2, the first sub-block in the PRB
pair 4, the first sub-block in the PRB pair 7, the first
sub-block 1n the PRB pair 9, and the first sub-block in the
PRB pair 11.

Embodiment 7

FIG. 10 1s a schematic diagram of a mapping in a method
for transmitting a control channel according to Embodiment
7 of the present invention.
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In this embodiment, an aggregation level of an ePDCCH
to be transmitted by a base station 1s 1, and PRB pairs
configured by the base station for the to-be-transmitted
¢PDCCH are, as shown 1n FIG. 3A, PRB pairs 0, 2, 4, and
7.

Each PRB pair includes 4 sub-blocks, and the 4 PRB pairs
have a total of 16 sub-blocks.

According to Q=tloor(mxn/L )=floor(4x4/1)=16, 16 logi-
cal candidate elements are set, and index numbers g=lI,

I+1, ..., I+15, where I may be any integer.
According to a sequence of the 4 PRB pairs, virtual
numbers =1, J+1, . . ., J+3 are set for the 4 PRB pairs, where

] 1s an integer.
According to K=floor(n/L)=tloor(4/1)=4, the sub-blocks

in each PRB pair among the 4 PRB pairs are divided mto 4
basic candidate elements, and since the aggregation level 1s
1 herein, 1 sub-block 1s actually 1 basic candidate element.

An 1ndex number of the basic candidate element in the 4
PRB pairs is (k, r), that is, a P” basic candidate element in
an r” PRB pair, where k=W, W+1, . .., W+3, and W is an
integer.

The mapping the 16 logical candidate elements to physi-
cal resources corresponding to 16 basic candidate elements
includes:

a first step: setting g=I, k=W, and r=IJ, where for ease of
description, in this embodiment, 1t 1s set that [=W=J=0;

a second step: setting 1=(q—1) mod m, where 1 1s a varniable;

1f 1 1s an even number, r=1+J;

if 1 1s an odd number and 1<floor(m/2), r=1+J+floor(m/2);

i1 115 an odd number and 1>=floor(m/2), r=1+J-tloor(m/2);

mapping a " logical candidate element to a physical
resource corresponding to the basic candidate element (k, r),
and executing a third step;

the third step: g=q+1;

il g>I+Q-1, ending the mapping;

otherwise, 1f (q—1) mod m=0, executing a fourth step, and
if (g-1) mod m=0, executing the second step; and

the fourth step: k=k+1; k=(k—-W) mod P, and executing the
second step.

A final mapping result 1s shown in FIG. 10. When 6
consecutive logical candidate elements determined by the
base station among the 16 logical candidate eclements
according to a user-specific parameter are a logical candi-
date element 5, a logical candidate element 6, a logical
candidate element 7, a logical candidate element 8, a logical
candidate element 9, and a logical candidate element 10,
they are, after being mapped to physical resources, a basic
candidate element (1,3), a basic candidate element (1,2), a
basic candidate element (1,1), a basic candidate element
(2,0), a basic candidate element (2,3), and a basic candidate
clement (2,2), that 1s, 6 candidate ePDCCHs are actually
mapped to a second sub-block 1n the PRB pair 7, a second
sub-block 1n the PRB pair 4, a second sub-block in the PRB
pair 2, a third sub-block 1n the PRB pair O, a third sub-block
in the PRB pair 7, and a third sub-block 1n the PRB pair 4
respectively.

The to-be-transmitted ePDCCH 1s placed on a sub-block
among the second sub-block 1n the PRB pair /7, the second
sub-block 1n the PRB pair 4, the second sub-block 1n the
PRB pair 2, the third sub-block in the PRB pair 0, the third
sub-block 1n the PRB pair 7, and the third sub-block 1n the
PRB pair 4 for sending.

A method for a UE to receive the control channel 1s
substantially the same as that in Embodiment 6, and a
difference lies in that the mapping method 1s the mapping
method of the base station 1n this Embodiment 7.
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In this embodiment, the UE detects the correct control
channel 1n the second sub-block in the PRB pair 7, the
second sub-block 1n the PRB pair 4, the second sub-block 1n
the PRB pair 2, the third sub-block in the PRB pair 0, the
third sub-block 1n the PRB pair 7, and the third sub-block in
the PRB pair 4.

FIG. 11 1s a flowchart of another method for transmitting,
a control channel according to an embodiment of the present
invention. The method described in this embodiment 1is
executed by a base station, and as shown i FIG. 11,
specifically includes:

Operation 111: Determine m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, every ¢ sub-blocks among mxn sub-blocks of
the m physical resource blocks are a sub-block group, the
sub-block group can be used for placing a control channel
element, m>=1, n>=1, and ¢c>=1.

Operation 112: Set Q logical candidate elements, where
Q=tloor(C/L), C=tloor(mxn/c) 1s the number of sub-block

groups 1n the m physical resource blocks, L 1s an aggregation
level of the to-be-transmitted control channel, and floor
represents rounding down.

Operation 113: Determine, according to the aggregation
level L of the to-be-transmitted control channel, the number
M of candidate control channels, and group the mxn sub-
blocks 1n the m physical resource blocks to obtain Q)
sub-blocks.

Operation 114: Determine M logical candidate elements
among the Q logical candidate elements.

Operation 115: Perform interleaving on the Q logical
candidate eclements, and map the Q interleaved logical
candidate elements to the Q sub-blocks.

Operation 116: Send the to-be-transmitted control channel
by placing 1t in a sub-block to which a logical candidate
clement 1s mapped, where the logical candidate element 1s
one of the M logical candidate elements.

The determining M logical candidate elements among the
Q logical candidate elements includes:

determiming, according to a user equipment-specific
parameter, the M logical candidate elements among the ()
logical candidate elements.

The M logical candidate elements may be M consecutive
logical candidate elements.

The grouping the mxn sub-blocks i1n the m physical
resource blocks to obtain Q sub-blocks includes:

alter cascading the m physical resource blocks according
to a sequence of numbers, performing grouping from a first
sub-block to obtain the (Q sub-blocks, where a sub-block
includes Lxc consecutive sub-blocks.

The performing interleaving on the Q logical candidate
clements includes:

setting a first matrix with the number of rows being Y and
the number of columns being 7, where Y and Z are both
integers, and Y xZ>=();

setting index numbers of the Q logical candidate elements
to be g=I, I+1, . . ., I+Q-1, where I 1s an integer;

setting Y xZ—Q null elements before the index number g=I
of the logical candidate element or setting YxZ-Q null
clements after the index number g=I+Q-1 of the logical
candidate element to obtain YxZ logical filling elements,
where the YxZ logical filling elements include the YxZ-Q)
null elements and the index numbers I, I+1, ..., I+Q-1 of
the Q logical candidate elements;

writing the YxZ logical filling elements into the first
matrix according to rows to obtain a first filled matrix; and
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performing, according to row and column positions of the
first filled matrix, reading according to columns to obtain the
Q 1nterleaved logical candidate elements, where the per-
forming reading according to columns refers to rearranging
the 1ndex numbers of the QQ logical candidate elements in
order from top to bottom and from leit to right, and during
the reading, 11 a null element exists, the reading skips the
element;

of,

writing the YxZ logical filling elements into the first
matrix according to columns to obtain a first filled matrix;
and

performing, according to row and column positions of the
first filled matrix, reading according to rows to obtain the ()
interleaved logical candidate elements, where the perform-
ing reading according to rows refers to rearranging the index
numbers of the QQ logical candidate elements 1n order from
left to right and from top to bottom, and during the reading,
if a null element exists, the reading skips the element.

Before the writing the YxZ logical filling elements 1nto
the first matrix according to rows or according to columns to
obtain the first filled matrix, the method further includes:
performing interchanging, according to columns, on the first
matrix into which the YxZ logical filling elements are
written.

A person skilled i the art should understand that the
interchanging may also be performed on the first matrix
according to rows.

The number of times of the interchanging may be one and
may also be multiple.

The performing interchanging, according to columns, on
the first matrix into which the YxZ logical filling elements
are written includes:

dividing an interleave matrix mto two parts according to
columns, where the interleave matrix 1s the first matrix into
which the YxZ logical filling elements are written;

if Z is an even number, interchanging a (21)” column and
a (2i+7/2)” column of the interleave matrix, where i is an
integer, and 2<=2i<=7/2; or, interchanging a (2i+1)” col-
umn and a (2i+Z/241)” column of the interleave matrix,
where 1<=21+1<=7/2, so as to obtain the first filled matrix;
and

if Z is an odd number, interchanging a (2j)” column and
a (2j+floor(Z/2))” column of the interleave matrix, where ]
is an integer, and 2<=2j<Z/2; or, interchanging a (2j+1)"
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 1<=27+1<7/2, so as to obtain the first filled
matrix;

or, if Z is an odd number, interchanging a (2j)” column
and a (2j+floor(Z/2))” column of the interleave matrix,
where 2<=2j<=floor(Z/2)+1; or, interchanging a (2j+1)”
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 1<21+1<=floor(Z/2)+1, so as to obtain the first
filled matrix;

or, if Z is an odd number, interchanging a (2)” column
and a (2j+floor(Z/2)+1)” column of the interleave matrix,
where 2<=2j<Z/2; or, interchanging a (2j+1)” column and a
(2i+1+floor(Z/2)+1)” column of the interleave matrix,
where 1<=21+1<7/2, so as to obtain the first filled matrix.

The mapping the Q interleaved logical candidate elements
to the QQ sub-blocks includes:

setting, according to a sequence of the Q sub-blocks, first
index numbers g=I, I+1, . . ., I+Q-1 of the Q sub-blocks,

where 1 1s an integer;

arranging the first index numbers q starting from 1
sequentially from top to bottom and from left to right or
sequentially from left to right and from top to bottom, to
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obtain a second matrix with the number of rows being Y and
the number of columns being Z; and

mapping the Q iterleaved logical candidate elements to
sub-blocks corresponding to the Q first index numbers in the
second matrix 1n order from top to bottom and from left to
right or 1n order from left to right and from top to bottom,
where during the mapping, 11 a null element i1s encountered,
the mapping skips to a next sub-block.

The arranging the index numbers q starting from 1 of the
Q sub-blocks sequentially from top to bottom and from left
to right or sequentially from left to right and from top to
bottom, to obtain the second matrix with the number of rows
being Y and the number of columns being 7 includes:

setting Y xZ—Q null elements betfore the index number g=I
of the QQ sub-blocks to obtain Y xZ physical filling elements,
where the Y xZ physical filling elements include the YxZ—-Q)
null elements and the index numbers g=I, I+1, I+Q-1 of the
Q sub-blocks; and

arranging the YxZ physical filling elements sequentially
from top to bottom and from left to right or sequentially
from left to nght and from top to bottom, to obtain the
second matrix with the number of rows being Y and the
number of columns being 7.

Or, Y=n/(Lxc), and Z=m; and

the mapping the Q interleaved logical candidate elements
to sub-blocks corresponding to the Q first index numbers in
the second matrix 1n order from top to bottom and from left
to right includes:

replacing the Q first index numbers q with (k, r), where (k,
r) represents a k” sub-block in an r” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, . . ., W+Y-1, r=],
I+1, .. ., J+m-1, and J and W are both integers; and

mapping the Q iterleaved logical candidate elements to
sub-blocks corresponding to (k, r) in the second matrix 1n
order from top to bottom and from left to right.

Or, Y=m, and Z=n/(LLxc); and

the mapping the Q interleaved logical candidate elements
to sub-blocks corresponding to the Q first index numbers in
the second matrix 1n order from top to bottom and from left
to right includes:

replacing the Q first index numbers q with (k, r), where (k,
r) represents a k™ sub-block in an r”” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, . . ., W+/7-1, =],
I+1, . . ., J+m-1, and J and W are both integers; and

mapping the Q iterleaved logical candidate elements to
sub-blocks corresponding to (k, r) in the second matrix 1n
order from left to right and from top to bottom.

FIG. 12 1s a flowchart of another method for receiving a
control channel according to an embodiment of the present
invention. The method described in this embodiment 1is
executed by a UE side, and as shown 1n FIG. 12, specifically
includes:

Operation 121: Obtain information of m physical resource
blocks for transmitting a control channel, where any physi-
cal resource block among the m physical resource blocks
includes n sub-blocks, every ¢ sub-blocks among mxn
sub-blocks of the m physical resource blocks are a sub-block
group, the sub-block group can be used for placing a control
channel element, m>=1, n>=1, and c¢>=1.

Operation 122: Receive, according to the information,
control channel elements in the mxn sub-blocks of the m
physical resource blocks.

Operation 123: For an aggregation level Lg, set Q,
logical candidate elements, where Q, =tloor(C/L), C=floor
(mxn/c) 1s the number of sub-block groups 1n the m physical
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resource blocks, L, 1s any one of K aggregation levels, and
floor represents rounding down.

Operation 124: Determine, according to the aggregation
level L. of the to-be-transmitted control channel, the num-
ber M, of candidate control channels, and group the mxn
sub-blocks 1n the m physical resource blocks to obtain Q,
sub-blocks.

Operation 125: Determine M; _logical candidate elements
among the Q, logical candidate elements.

Operation 126: Perform interleaving on the Q, logical
candidate elements, and map the Q, 1nterleaved logical
candidate elements to the Q, sub-blocks.

Operation 127: Perform detection on M, sub-blocks to
which the M, logical candidate elements are mapped; when
a correct control channel 1s detected, obtain, through pars-
ing, the to-be-received control imnformation from the correct
control channel; when no correct control channel 1s detected,
for another aggregation level among the K aggregation
levels, continue to execute, starting from the determining the
number of corresponding candidate control channels, sub-
sequent steps until a correct control channel 1s detected or all
the control channel elements 1n the mxn sub-blocks are
traversed.

The determining M, logical candidate elements among
the Q;  logical candidate elements includes:

determining, according to a user equipment-specific
parameter, the M;_logical candidate elements among the
Q. logical candidate elements.

The M, _logical candidate elements may be M, consecu-
tive logical candidate elements.

The grouping the mxn sub-blocks 1n the m physical
resource blocks to obtain Q,  sub-blocks includes:

after cascading the m physical resource blocks according

to a sequence of numbers, performing grouping irom a first
sub-block to obtain the QQ, sub-blocks, where a sub-block

includes Ixc consecutive sub-blocks.

The pertorming interleaving on the Q, logical candidate
clements includes:

setting a first matrix with the number of rows being Y and
the number of columns being 7, where Y and Z are both
integers, and Yx/Z>=Q; ;

setting index numbers of the Q; logical candidate ele-
ments to be g=1, I+1, . . ., 1+Q; —1, where I 1s an integer;

setting YxZ-Q; null elements betore the index number
q=I of the logical candidate element or setting Yx7-Q, null
elements after the index number q=I1+Q; ~1 of the logical
candidate element to obtamn YxZ logical filling elements,
where the Y xZ logical filling elements include the YxZ-Q;
null elements and the index numbers I, I+1, . . ., I+QLK—1
of the Q. logical candidate elements;

writing the YxZ logical filling elements into the first
matrix according to rows to obtain a first filled matrix; and

performing, according to row and column positions of the
first filled matrix, reading according to columns to obtain the
Q. interleaved logical candidate elements, where the per-
forming reading according to columns refers to rearranging
the index numbers ot the Q; logical candidate elements 1n
order from top to bottom and from left to right, and during
the reading, 11 a null element exists, the reading skips the
element;

of,

writing the YxZ logical filling elements into the first
matrix according to columns to obtain a first filled matrix;
and

performing, according to row and column positions of the
first filled matrix, reading according to rows to obtain the
Q. interleaved logical candidate elements, where the per-
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forming reading according to rows refers to rearranging the
index numbers of the Q,  logical candidate elements 1n order
from left to right and from top to bottom, and during the
reading, 1 a null element exists, the reading skips the
clement.

Betfore the writing the YxZ logical filling elements into
the first matrix according to rows or according to columns to
obtain a first filled matrix, the method further includes:
performing, according to columns, interchanging on the first
matrix 1mto which the YxZ logical filling elements are
written.

A person skilled 1n the art should understand that the
interchanging may also be performed on the first matrix
according to rows.

The number of times of the interchanging may be one and
may also be multiple.

The performing, according to columns, interchanging on
the first matrix into which the YxZ logical filling elements
are written includes:

dividing an interleave matrix mnto two parts according to
columns, where the interleave matrix 1s the first matrix into
which the YxZ logical filling elements are written;

if 7 is an even number, interchanging a (21)” column and
a (21+7/2)” column of the interleave matrix, where i is an
integer and 2<=2i<=7/2; or, interchanging a (2i+1)” column
and a (21+Z/2+1)” column of the interleave matrix, where
1<=21+1<=7//2, so as to obtain the first filled matrix; and

if Z is an odd number, interchanging a (2)” column and
a (2j+floor(Z/2))” column of the interleave matrix, where ]
is an integer, and 2<=2j<Z/2; or, interchanging a (2j+1)”
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 1<=21+1<//2, so as to obtain the first filled
matrix;

or, if Z is an odd number, interchanging a (2j)” column
and a (2j+floor(Z/2))” column of the interleave matrix,
where 2<=2j<=floor(Z/2)+1; or, interchanging a (2j+1)”
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 1<2j+1<=floor(Z/2)+1, so as to obtain the first
filled matrix;

or, if Z is an odd number, interchanging a (2)” column
and a (2j+floor(Z/2)+1)” column of the interleave matrix,
where 2<=2j<7/2; or, interchanging a (2j+1)” column and a
(2i+1+floor(Z/2)+1)” column of the interleave matrix,
where 1<=21+1<7/2, so as to obtain the first filled matrix.

The mapping the Q interleaved logical candidate ele-
ments to the Q;_sub-blocks includes:

setting, according to a sequence of the Q, sub-blocks,
first index numbers q=I, I+1, . . ., [+Q; -1 of the Q,
sub-blocks, where I 1s an integer;

arranging the first index numbers q starting from 1
sequentially from top to bottom and from left to right or
sequentially from left to right and from top to bottom, to
obtain a second matrix with the number of rows being Y and
the number of columns being Z; and

mapping the Q; 1interleaved logical candidate elements to
sub-blocks corresponding to the Q,  first index numbers n
the second matrix 1n order from top to bottom and from left
to right or 1n order from left to right and from top to bottom,
where during the mapping, 1f a null element 1s encountered,
the mapping skips to a next sub-block.

The arranging the index numbers q, starting from I, of the
Q. sub-blocks sequentially from top to bottom and from left
to right or sequentially from left to right and from top to
bottom, to obtain a second matrix with the number of rows
being Y and the number of columns being Z includes:

setting YxZ-Q, null elements betore the index number

q=I of the Q; _sub-blocks to obtain YxZ physical filling
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clements, where the YxZ physical filling elements include
the YxZ-Q; mnull elements and the index numbers g=l,
I+1, ..., 14Q, -1 of the Qr, sub-blocks; and

arranging the YxZ physical filling elements sequentially
from top to bottom and from left to right or sequentially
from left to right and from top to bottom, to obtain the
second matrix with the number of rows being Y and the
number of columns being 7.

Y=n/(Lxc), and Z=m; and

the mapping the Q; 1interleaved logical candidate ele-
ments to sub-blocks corresponding to the Q, first index
numbers 1n the second matrix in order from top to bottom
and from left to right includes:

replacing the Q, first index numbers q with (k, r), where
(k, r) represents a k” sub-block in an r” physical resource
block, r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+l1, , W+Y-1, r=J,
I+1, . .., J+m-1, and J and W are both integers; and

mapping the Q, 1nterleaved logical candidate elements to
sub-blocks corresponding to (k, r) in the second matrix 1n
order from top to bottom and from left to right.

Y=m, and Z=n/(LLxc); and

the mapping the interleaved logical candidate elements to
sub-blocks corresponding to the Q,_ first index numbers in

the second matrix in order from top to bottom and from left
to right includes:

replacing the Q, _ first index numbers q with (k, r), where
(k, r) represents a k” sub-block in an " physical resource
block, r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+l1, , W+7-1, r=],
I+1, . .., J+m-1, and J and W are both integers; and

mapping the Q, 1nterleaved logical candidate elements to
sub-blocks corresponding to (k, r) in the second matrix in
order from left to rnight and from top to bottom.

The methods shown 1 FIG. 11 and FIG. 12 are further

illustrated below 1n detaill through Embodiment 8 to
Embodiment 10.

Embodiment &

In this embodiment, an aggregation level of a control
channel to be transmitted by a base station 1s 1, and 6 PRB
pairs are configured for the control channel. As shown in
FIG. 4A and FIG. 4B, m=6, n=4, ¢c=1, and L=1; C=tloor
(mxn/c)=24; and Q=tloor(C/L)=24. It can be obtained that
the 6 PRB pairs have 24 sub-blocks for placing the to-be-
transmitted control channel, and the number of candidate
control channels 1s 6.

24 logical candidate elements are set, and a first matrix
with the number of rows being 4 and the number of columns
being 6 1s set.

Index numbers 0, 1, 2, . . ., 23 of the 24 logical candidate
elements are set, and are written into the first matrix accord-

ing to rows to obtain a first filled matrix:

0o 1 2 3 4 5
6 7 8§ 9 10 11
12 13 14 15 16 17
18 19 20 21 22 23

A start position of 6 logical candidate elements among the
24 logical candidate elements 1s determined according to a
UE-specific parameter, and is assumed to be 12, and 127 to
17" are used as the 6 determined logical candidate elements.
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After reading 1s performed according to columns, 24
interleaved logical candidate elements are obtained: O, 6,
12,18, 1,7 @ 19.2,8.19.20,3.9,(3. 21. 4. 10, 9.
22, 5, 11, , and 23. The numbers marked by circles are
the 6 determined logical candidate elements.

According to a sequence of the 6 PRB pairs, numbers of

the 24 sub-blocks are setto be 0, 1, 2, ..., 23,

The numbers 0, 1, 2, . . ., 23 of the 24 sub-blocks are
arranged 1n order from left to right and from top to bottom
to form a 6x4 matrix, or are arranged in order from top to
bottom and from left to right to form a 4x6 matrix, then the
24 1terleaved logical candidate elements 0, 6, 12, 18, 1, 7,
13,19, 2, 8, 14, 20, 3, 9, 15, 21, 4, 10, 16, 22, 5, 11, 17, and
23 are mapped, according to rows or columns of the matrix
formed by the 24 sub-blocks, to the sub-blocks correspond-

ing to the numbers 1n the matrix.
For example, the numbers O, 1, 2, . . ., 23 of the 24

sub-blocks are arranged 1n order from left to right and from
top to bottom to form a 6x4 matrix, and through the
arrangement, a number matrix of the sub-blocks 1s obtained:

2 3
6 7
10 11
14 15
18 19
21 22 23

0 1
4 5
3 0
12 13

16 17
20

For example, the 24 interleaved logical candidate ele-
ments are mapped, according to columns, to the sub-blocks
corresponding to the numbers 1n the number matrix of the
sub-blocks, and a mapping result 1s shown 1n the following
table.

24 interleaved Numbers of the 24 interleaved  Numbers of the

logical sub-blocks 1n the logical sub-blocks 1n the
candidate number matrix candidate number matrix
elements that 1s mapped to elements that 1s mapped to

-
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b2 p—t —t
) 20 a3 ND —] = 20 O
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It can be seen from the above table that: logistics
resources, to which the 6 logical candidate elements are
mapped, are a sub-block 8, a sub-block 1, a sub-block 17, a
sub-block 10, a sub-block 3, and a sub-block 19.

The sub-block 8 1s a first sub-block of a PRB pair 4, the

sub-block 1 1s a second sub-block of a PRB pair 0, the

sub-block 17 1s a second sub-block of a PRB pair 9, the
sub-block 10 1s a third sub-block of the PRB pair 4, the
sub-block 3 1s a fourth sub-block of the PRB pair 0, and the
sub-block 19 1s a fourth sub-block of the PRB pair 9.

A method for a UE to receive the control channel is
substantially the same as that in the foregoing embodiment,
and a diflerence lies 1n that an interleaving method and a
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mapping method adopted by the UE side are methods
adopted by the base station in this Embodiment 8.

Embodiment 9

This embodiment 1s substantially the same as Embodi-
ment 8, and a diflerence lies 1n that after index numbers 0,
1,2,...,23 of 24 logical candidate elements are written 1nto
a first matrix according to rows, column interchanging is
turther performed. Specifically, a second column and a fifth
column of the first filled matrix 1n Embodiment 8 are
interchanged to obtain the first filled matrix after the inter-
changing:

0 4 2 3 1 5
6 10 8 9 7 11
12 16 14 15 13 17
18 22 20 21 19 23

After reading 1s performed according to columns, 24
interleaved logical candidate elements are obtained: O, 6

(12.18.4.10.16,22,2.8.(4).20.3,9, 13, 21.1.7. 1.

19, 5, 11, , and 23.

The 24 interleaved logical candidate elements are
mapped, according to columns, to the sub-blocks corre-
sponding to the numbers in the number matrix of the
sub-blocks in Embodiment 8, and a mapping result 1s shown
in the following table.

24 interleaved Numbers of the 24 interleaved  Numbers of the
logical sub-blocks 1n the logical sub-blocks 1n the
candidate number matrix candidate number matrix
elements that 1s mapped to elements that 1s mapped to

0 0 3 2

6 4 9 6

@ ] @ 10

18 12 21 14

4 16 1 18

10 20 7 22

. ® 3

22 5 19 7

2 9 5 11

8 13 11 15

. 17 @ 19

20 21 23 23

It can be seen from the above table that the obtained
mapping result 1s the same as that in Embodiment 8.

A method for a UE to receive the control channel 1s
substantially the same as that in the foregoing embodiment,
and a difference lies in that an interleaving method and a
mapping method adopted by the UE side are methods

adopted by the base station 1n this Embodiment 9.

Embodiment 10

In this embodiment, an mterleaving manner of 24 logical
candidate elements may be the method provided in Embodi-
ment 8 or the method provided in Embodiment 9, and a
difference lies in that a number of a sub-block 1s replaced
with (k, r), where (k, r) represents a k” sub-block in an r”
physical resource block, r 1s virtual numbers of the m
physical resource blocks arranged 1n sequence, k=W,
W+1, ..., W+Y-=-1,r=], J+1, ..., J+m-1, and J and W are
both integers. The numbers of the sub-blocks are arranged 1n
order from left to right and from top to bottom to form a
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number matrix of the sub-blocks, and the 24 interleaved
logical candidate elements are mapped, according to rows,
to the sub-blocks corresponding to numbers 1n the number
matrix of the sub-blocks.

For ease of description, ] and W are both set to be O
herein.

In this embodiment, Y=4, and m=6. Theretfore, the num-
bers of the 24 sub-blocks are (0,0), (1,0), (2,0), (3,0), (0,1),

(1.1), 2,1), 3.1), (0,2), (1,2), (2,2). (3,2), (0.3), (1,3), (2.3),
(3.3), (0,4), (1.4), (2,4), (3,4), (0.5), (1,5), (2,5), and (3,3),
which are arranged 1n order from top to bottom and from left
to right to obtain the following number matrix:

(0,0) (O,1) (0,2) (0,3) (04) (0,5)
(1,) (1,1) (1.2) (1,3) (1.4) (1.,5)
(2,0) (2,1) (2,2) (2,3) (24) (2.5)
(3,0) 3,1) (3,2) (3,3) (34) (3.5

For example, the 24 interleaved logical candidate ele-
ments 1n Embodiment 9 are mapped, according to columns,
to the sub-blocks corresponding to the numbers 1n the
number matrix of the sub-blocks 1n this Embodiment 10, and
a mapping result 1s shown 1n the following table.

24 interleaved Numbers of the 24 interleaved  Numbers of the

logical sub-blocks 1n the logical sub-blocks 1n the
candidate number matrix candidate number matrix
elements that 1s mapped to elements that 1s mapped to
0 (0,0) 3 (0,3)
6 (1,0) 9 (1,3)
12) (2,0) (15) (2,3)
18 (3,0) 21 (3,3)
4 (0,1) 1 (0,4)
10 (1,1) 7 (1,4)
(16 (2,1) 13) (2,4)
22 (3.1) 19 (3.4)
2 (0,2) 5 (0,5)
8 (1,2) 11 (1,5)
(19) (2,2) 17) (2,5)
20 (3,2) 23 (3,5)

It can be mtuitively seen from the above table that:
logistics resources, to which the 6 logical candidate ele-
ments are mapped, are: a sub-block with the number being
2 1n a PRB pair with the number being O (that 1s, a third
sub-block of a PRB pair 0), a sub-block with the number
being 2 1n a PRB pair with the number being 1 (that 1s, a
third sub-block of a PRB pair 2), a sub-block with the
number being 2 1n a PRB pair with the number being 2 (that
1s, a third sub-block of a PRB pair 4), a sub-block with the
number being 2 in a PRB pair with the number being 3 (that
1s, a third sub-block of a PRB pair 7), a sub-block with the
number being 2 1n a PRB pair with the number being 4 (that
1s, a third sub-block of a PRB pair 9), and a sub-block with

the number being 2 1n a PRB pair with the number being 5
(that 1s, a third sub-block of a PRB pair 11).

For example, the 24 interleaved logical candidate ele-
ments 1n Embodiment 8 are mapped, according to rows, to
the sub-blocks corresponding to the numbers 1n the number
matrix of the sub-blocks in this Embodiment 10, and a
mapping result 1s shown in the following table.
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24 mterleaved Numbers of the 24 interleaved  Numbers of the
logical sub-blocks in the logical sub-blocks in the
candidate number matrix candidate number matrix
clements that i1s mapped to clements that 1s mapped to
0 (0,0) 3 (2,0)
6 (0,1) 9 (2,1)
12) (0,2) 15 (2,2)
18 (0,3) 21 (2,3)
1 (0.4) 4 (2,4)
7 (0,5) 10 (2,5)
13) (1,0) (3,0)
19 (1,1) 22 (3,1)
2 (1,2) 5 (3,2)
8 (1,3) 11 (3,3)
(1.4) (3,4)
20 (1,5) 23 (3,35)

It can be mtuitively seen from the above table that:
logistics resources, to which the 6 logical candidate ele-
ments are mapped, are: a sub-block with the number being,
0 1n a PRB pair with the number being 2 (that is, a first
sub-block of a PRB pair 7), a sub-block with the number
being 1 1n a PRB pair with the number being O (that 1s, a
second sub-block of a PRB pair 0), a sub-block with the
number being 1 1n a PRB pair with the number being 4 (that
1s, a second sub-block of a PRB pair 9), a sub-block with the
number being 2 1n the PRB pair with the number being 2
(that 1s, a third sub-block of the PRB pair 7), a sub-block
with the number being 3 in the PRB pair with the number
being O (that 1s, a fourth sub-block of the PRB pair 0), and
a sub-block with the number being 3 in the PRB pair with
the number being 4 (that 1s, a fourth sub-block of the PRB
pair 9).

A method for a UE to receive the control channel 1s
substantially the same as that in the foregoing embodiment,
and a difference lies in that an interleaving method and a
mapping method adopted by the UE side are methods

adopted by the base station in this Embodiment 10.

Embodiment 11

In this embodiment, physical resources configured by a
base station for a to-be-transmitted control channel are

shown 1 FIG. 4A and FIG. 4B, and there are 6 PRB pairs,
cach PRB pair has 4 sub-blocks, and each sub-block can be

used for placing 1 eCCE. A set manner for interleaving
logical candidate elements may be the method provided 1n
Embodiment 8 or the method provided in Embodiment 9,
and a difference lies 1n that, 1n this embodiment, an aggre-
gation level of the to-be-transmitted control channel 1s 2, so
that m=6, n=4, ¢=1, and L=2; C=floor(mxn/c)=24; and
Q=tloor(C/L)=12. It can be obtained that the 6 PRB pairs
have 12 sub-blocks for placing the to-be-transmaitted control
channel, and the number of candidate control channels 1s 6.

Correspondingly, 12 logical candidate elements are set,
and a first matrix with the number of rows being 2 and the
number of columns being 6 1s set.

Index numbers 0, 1, 2, . .., 11 of the 12 logical candidate
elements are set, and are written into the first matrix accord-
ing to rows to obtain a first filled matrix:

01 2 3 4 5
6 7 8 9 10 11
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A start position of 6 logical candidate elements among the
12 logical candidate elements 1s determined according to a
UE-specific parameter, and is assumed to be 12, and 3™ to
37 are used as the 6 determined logical candidate elements.

After the index numbers 1n the first filled matrix are read
according to columns, 12 interleaved logical candidate ele-
ments are obtained: 0O, @, 1, @,, 2, j @, 9, @,, 10, @,,
and 11. The numbers marked by circles are the 6 determined
logical candidate elements.

According to a sequence of the 6 PRB pairs, numbers of
the 24 sub-blocks are setto be 0, 1, 2, .. ., 23, and numbers

of the 12 sub-blocks are set to be (k, r), where (k, r)

represents a k” sub-block in an r” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1 sequence, k=W, W+1, . . ., W+Y-1, r=],
I+1, . . ., J+m-1, and J and W are both integers. The
numbers of the sub-blocks are arranged 1n order from left to
right and from top to bottom or i1n order from top to bottom
and from left to night to form a number matrix of the
sub-blocks, and the 12 interleaved logical candidate ele-
ments are mapped, according to rows or according to
columns, to the sub-blocks corresponding to numbers in the
number matrix of the sub-blocks.

For ease of description, J and W are both set to be O
herein.

In this embodiment, Y=2, and m=6. Theretfore, the num-
bers of the 12 sub-blocks are (0,0), (1,0), (0,1), (1,1), (0,2),
(1,2), (0,3), (1,3), (0,4), (1,4), (0,5), and (1,5), which are
arranged 1n order from top to bottom and from left to right
to obtain the following number matrix:

(0,00 (0,1) (0,2) (0,3) (04) (0,5)
(1,) (1,1) (1,2) (1,3) (1.4) (1.,5)

The 12 interleaved logical candidate elements are
mapped, according to rows or columns of the matrix formed
by the 12 sub-blocks, to the sub-blocks corresponding to the
numbers in the matrix.

For example, the 12 interleaved logical candidate ele-
ments are mapped, according to rows, to the sub-blocks
corresponding to the numbers 1n the number matrix of the

sub-blocks, and a mapping result 1s shown 1n the following
table.

Numbers of the
sub-blocks in the number

12 interleaved

logical candidate Numbers of sub-blocks

elements matrix that 1s mapped to included in the sub-blocks
0 (0,0) 0, 1
(6) (0,1) 2,3
1 (0,2) 4,5
(7) (0,3) 6, 7
2 (0,4) 8, 9
() (0,5) 10, 11
(3) (1,0) 12, 13
9 (1,1) 14, 15
(4) (1,2) 16, 17
10 (1,3) 18, 19
(1,4) 20, 21
11 (1,5) 22,23

It can be seen from the above table that: logistics

resources, to which the 6 logical candidate elements are
mapped, are a sub-block (0,1), a sub-block (0,3), a sub-block
(0,5), a sub-block (1,0), a sub-block (1,2), and a sub-block

(1,4).
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The sub-block (0,1) 1s a sub-block 0 and a sub-block 1 of
a PRB pair 2, the sub-block (0,3) 1s a sub-block 0 and a
sub-block 1 of a PRB pair 7, the sub-block (0,5) 1s a
sub-block 0 and a sub-block 1 of a PRB pair 11, the
sub-block (1,0) 1s a sub-block 2 and a sub-block 3 of a PRB
pair O, the sub-block (1,2) 1s a sub-block 2 and a sub-block
3 of a PRB pair 4, and the sub-block (1,4) 1s a sub-block 2
and a sub-block 3 of a PRB pair 9.

A method for a UE to receive the control channel is
substantially the same as that in the foregoing embodiment,
and a difference lies in that an interleaving method and a
mapping method adopted by the UE side are methods

adopted by the base station 1n this Embodiment 11.

Embodiment 12

In this embodiment, physical resources configured by a

base station for a to-be-transmitted control channel are
shown 1n FIG. 4A and FIG. 4B, and there are 6 PRB pairs,

cach PRB pair has 4 sub-blocks, and each sub-block can be
used for placmg 1 eCCE. An aggregation level of the
to-be-transmitted control channel 1s 3, and it 1s assumed that
the corresponding number of candidate control channels 1s
8.

A first matrix with the number of rows being Y and the
number of columns being Z 1s set. P Y=ce1l(n/(cxL))=ceil
(4/(1x3))=2, and Z=m=56.

Q logical candidate elements are set, where Q=floor(mx
n/(cxL))=toor(6x4/(1x3))=8.

Numbers O, 1, 2, . . ., 7 are set for 8 logical candidate
clements. YxZ-Q=6x2-8=4 null elements (Null) are set
before the number O, and the 4 Nulls and the numbers 0O, 1,
2, ..., 7areused as logical filling elements and are written
into the first matrix according to rows, so as to obtain a first
filled matrix:

Null Null Null Null 0 1
2 3 4 > 6 7

When reading 1s performed according to columns, Null 1s
skipped, so as to obtain 8 interleaved logical candidate
elements 2, 3,4, 5,0, 6, 1, and 7.

For the 6 PRB pairs, the 24 sub-blocks 0, 1, 2, ..., 23 are
grouped according to an order of a PRB pair 0, a PRB pair
2, a PRB pair 4, a PRB pair 7, a PRB pair 9, and a PRB pair
11 to obtain 8 sub-blocks, and a sub-block includes 3
consecutive sub-blocks.

Index numbers of the 8 sub-blocks are sequentially set to
be: 0,1, 2,...,7,4 Nulls are set betfore the index number
O or after the index number 7, and then a number matrix of
the sub-blocks 1s formed 1n order from left to right and from
top to bottom or 1n order from top to bottom and from left

to right.
In this embodiment, after 4 Nulls are set betore the index
numbers 0, 1, 2, .. ., 7, a number matrix of the sub-blocks,

which 1s shown below, 1s formed through arrangement in
order from left to right and from top to bottom:

Null Null Null Null 0 1
2 3 4 S 6 7

Then, the 8 interleaved logical candidate elements 2, 3, 4,
5,0, 6,1, and 7 are mapped, according to rows or columns
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of the number matrix of the sub-blocks, to the sub-blocks
corresponding to the numbers 1n the number matrix of the

sub-blocks.

In this embodiment, the 8 interleaved logical candidate
clements are mapped, according to rows, to the sub-blocks
corresponding to the numbers 1n the number matrix of the
sub-blocks, and a result 1s shown 1n the following table.

8 logical Numbers of 8 logical Numbers of
candidate sub-blocks that candidate sub-blocks that
elements are mapped to elements are mapped to

2 0 0 4

3 1 6 5

4 2 1 6

5 3 7 7

It can be seen that: the logical candidate element 2 1s
mapped to the sub-block 0, the logical candidate element 3
1s mapped to the sub-block 1, the logical candidate element
4 1s mapped to the sub-block 2, the logical candidate element
5 1s mapped to the sub-block 3, the logical candidate element
0 1s mapped to the sub-block 4, the logical candidate element
6 1s mapped to the sub-block 3, the logical candidate element
1 1s mapped to the sub-block 6, and the logical candidate
clement 7 1s mapped to the sub-block 7.

In the above embodiment, for interleaving of logical
clements, the first matrix may be written 1nto according to
rows, and reading 1s performed according to columns; or,
writing may also be performed according to columns, and
reading 1s performed according to rows, which 1s not repeat-
edly described herein.

A method for a UE to receive the control channel 1is
substantially the same as that in the foregoing embodiment,
and a difference lies 1n that an interleaving method and a
mapping method adopted by the UE side are methods

adopted by the base station in this Embodiment 12.

In the above embodiment, each PRB pair can be used for
placing an integer number of eCCEs. According to an LTE
Release 8/9/10 standard, a certain sub-carrier 1in a certain
OFDM symbol 1s called a resource element (Resource

Element, RE), and an RB includes 84 or 72 REs. If an eCCE

needs to be configured on 36 resource elements (resource
clement, RE) for sending, since the number of REs available
in a PRB relates to the number of symbols of a PDCCH and
the number of DMRSs and CSI-RSs, a PRB pair cannot be
used for placing an integer number of eCCFEs. Illustration 1s
provided below 1n detail through Embodiment 13.

Embodiment 13

In this embodiment, an aggregation level of a to-be-
transmitted control channel 1s 1, physical resources config-
ured by a base station for the to-be-transmitted control
channel are still shown 1n FIG. 4A and FIG. 4B, there are 6
PRB pairs, each PRB pair has 80 sub-blocks, and a sub-
block 1s an RE.

m=6, n=80, ¢=36, and L=1; C=tloor(mxn/c)=tloor(6x80/
36)=13; and Q=tloor(C/L)=floor(13/1)=13. It can be
obtained that the 6 PRB pairs have 13 sub-blocks for placing
the to-be-transmitted control channel, 6x80-36x13=12 REs
remain, and corresponding to the aggregation level 1, the
number of candidate control channels 1s 6.




US 9,445,404 B2

39

A first matrix with the number of rows being Y and the
number of columns being 7 1s set, and YxZ>13.

For example, it 1s set that Y=2 and Z=7.

Q logical candidate elements are set, where Q=tloor(mx
n/(cxL))=tloor(6x80/(36x1))=13.

Numbers 0, 1, 2, .. ., 12 are set for 13 logical candidate
clements. YxZ-Q=2x7-13=1 Null 1s set before the number
0 or after the number 12. In this embodiment, 1 Null 1s set
betfore the number 0, 4 Nulls and the numbers 0, 1,
2,...,12 are used as logical filling elements and are written
into the first matrix according to rows, so as to obtain a {irst
filled matrix:

Null O 1 2 3 4 5
6 7 8 9 10 11 12

It 1s assumed that 6 logical candidate elements determined
according to a UE-specific parameter are logical candidate
clements 1 to 6.

After the numbers in the first filled matrix are read
according to columns, 13 interleaved logical candidate ele-

ments are obtained: @j 0, 7, @, 8, @j 9, @, 10, @j 11,
(5), and 12.

It 1s assumed that the remaining 12 REs 1n the 6 PRB pairs
are 1n a last PRB pair, that 1s PRB11, and the remaining 12
REs are removed.

First 13x36 sub-REs in the 6 PRB pairs are grouped
according to a sequence to obtain 13 sub-blocks, and a
sub-block includes 36 consecutive REs.

As shown 1n FIG. 13, index numbers of the 13 sub-blocks

are sequentially setto be: 0,1, 2, ..., 12, 1 Null 1s set before
the index number O or after the index number 12, and then

a number matrix of the sub-blocks 1s formed in order from
left to right and from top to bottom or 1n order from top to
bottom and from left to right.

In this embodiment, after 1 Null 1s set before the 1index
numbers 0, 1, 2, . .., 12, a number matrix of the sub-blocks,
which 1s shown below, 1s formed through arrangement in
order from left to right and from top to bottom:

Null O 1 2 3 4 5
6 7 8 9 10 11 12

Then, the 13 mterleaved logical candidate elements O, 1,
2,3,4,5,6,7,8,9,10, 11, and 12 are mapped, according
to rows or columns of the number matrix of the sub-blocks,
to the sub-blocks corresponding to the numbers in the
number matrix of the sub-blocks.

In this embodiment, the interleaved logical candidate
clements are mapped, according to rows, to the sub-blocks
corresponding to the numbers 1n the number matrix of the
sub-blocks, and a result 1s shown 1n the following table.

13 logical Numbers of 8 logical Numbers of
candidate  sub-blocks that are candidate sub-blocks that
elements mapped to elements are mapped to
(6) 0 (3) 7
0 1 10 8
7 2 (4) 9
(1) 3 11 10
g 4 (5) 11
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-continued
13 logical Numbers of 8 logical Numbers of
candidate sub-blocks that are candidate sub-blocks that
elements mapped to elements are mapped to
) 5 12 12
9 6

It can be seen that the 6 determined logical candidate
clements 1 to 6 are mapped to the sub-blocks O, 3, 5, 7, 9,
and 1 respectively.

A method for a UE to receive the control channel is
substantially the same as that in the foregoing embodiment,
and a diflerence lies 1n that an interleaving method and a

mapping method adopted by the UE side are methods
adopted by the base station in this Embodiment 13.

In the foregoing embodiment, DMRS ports 7, 8,9, and 10
used by the base station for the control channel may have the
following manners.

In a first manner, a DMRS port of an ePDCCH 1s
configured semi-statically. As shown 1n FIG. 14, for a UEI,
a DMRS antenna port 7 1s configured semi-statically.

In a second manner, as shown 1n FIG. 15, 1n a PRB parr,
for a candidate of a certain aggregation level, a DMRS
antenna port and the candidate are bound.

As an improvement, an embodiment of the present inven-
tion further provides a third manner. As shown in FIG. 16,
cach candidate may use any one of DMRS ports, and a
position of a candidate control channel in a time-frequency
resource and the DMRS port are determined through an
interleave matrix.

FIG. 17 1s a flowchart of another method for transmitting
a control channel according to an embodiment of the present
invention. The method provided 1n this embodiment 1s the
foregoing third manner and executed by a base station side,
and as shown 1n FIG. 2, specifically includes:

Operation 171: Determine m physical resource blocks and
X antenna ports for transmitting a control channel, where any
physical resource block among the m physical resource
blocks includes n sub-blocks, any sub-block among the n
sub-blocks 1s used for placing a control channel element,
m>=1, and n>=1.

Operation 172: Use, according to an aggregation level L
of the to-be-transmitted control channel, I, control channel
elements to bear the to-be-transmitted control channel,
where L.>=1, and L 1s an integer.

Operation 173: Group mxn sub-blocks of the m physical
resource blocks, and obtain QQ interleave elements, where an
interleave element includes L. consecutive sub-blocks,
Q=tloor(mxn/L), floor represents rounding down, and 1index
numbers of the interleave elements are g=0, 1, . . ., Q-1.

Operation 174: Perform arrangement and combination on
the Q interleave elements and the x antenna ports to obtain
(Oxx combination elements.

Operation 175: Send the L control channel elements
through the combination elements.

In FIG. 14 to FIG. 16, the aggregation levels of the
to-be-transmitted control channels are both 2, 4 eCCFEs can
be placed in each PRB pair, and each sub-block can be used
for placing an eCCE, so that for the aggregation level 2, 1n
a PRB pair, two candidate ePDCCHs can be placed. In FIG.
14, 1t 1s configured that an ePDCCH with the aggregation
level being 2 of a UE (for example, a UE1) uses a DMRS
port 7. In FIG. 15, 1f the candidate ePDCCH with the
aggregation level being 2 1s placed 1n first two sub-blocks of
a PRB pair, the DMRS port 7 1s used; and 1f the candidate

cPDCCH with the aggregation level being 2 1s placed 1n last
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two sub-blocks of a PRB pair, a DMRS port 9 1s used. In
FIG. 16, the candidate ePDCCH with the aggregation level

being 2, which 1s configured by the base station for the UE,

1s placed 1n a PRB pair, a used DMRS port may be any one
of DMRS ports 7, 8, 9, and 10. However, the one that 1s
specifically used 1s obtained through an interleave matrix.

For example, for this UE, for the ePDCCH with the aggre-
gation level being 2, the base station configures two PRB
pairs, and two candidate ePDCCHs with the aggregation

level being 2 can be placed 1n a PRB pair, as shown 1n FIG.
18.

In FIG. 18, a type has 4 positions that can be used for

placing a candidate ePDCCH with the aggregation level
being 2, which are marked as P1, P2, P3, and P4. A

combination of each P1 (1=1, 2, 3, 4) and different DMRS

ports forms physical resources of the candidate ePDCCHs
with the aggregation level being 2. For the aggregation level
2, physical resources of the possible candidate ePDCCHs

are:

(P1, DMRS port 7), (P1, DMRS port 8), (P1, DMRS port
9), (P1, DMRS port 10),

(P2, DMRS port 7), (P2, DMRS port 8), (P2, DMRS port
9), (P2, DMRS port 10),

(P3, DMRS port 7), (P3, DMRS port 8), (P3, DMRS port
9), (P3, DMRS port 10),

(P4, DMRS port 7), (P4, DMRS port 8), (P4, DMRS port
9), (P4, DMRS port 10).

That 1s to say, there are a total of 16 possibilities, or there
are a total of 16 interleave elements, that 1s, a size of an
interleaver 1s 16. If the number of candidate ePDCCHs with
the aggregation level being 2 1s 2, after the 16 interleave
clements are interleaved, it 1s determined, according to a
UE-specific parameter, that the two candidates are (P1,
DMRS port 7) and (P3, DMRS port 9), so that for the
cPDCCH with the aggregation level being 2 of the UE, the
base station may perform sending on the position P1 and the
DMRS port 7 or perform sending on the position P3 and the
DMRS port 9.

For the above three ePDCCH DMRS possibilities, 1n the
first manner and the second manner, the size of the inter-
leaver, for a certain aggregation level, 1s always the number
ol possible candidate ePDCCHs included 1in a configured
PRB pair. For a certain aggregation level, the size of the
interleaver in the third manner 1s the number of positions
that can be used for placing the candidate ePDCCHs and
included 1n a configured pair multiplied by the number of
possibly used ports of each position.

A person of ordinary skill 1n the art can understand that all
or a part of the steps of the methods 1n the embodiments may
be implemented by a computer program instructing relevant
hardware. The program may be stored 1n a computer read-
able storage medium. When the program runs, the steps of
the methods 1n the embodiments are performed. The fore-
going storage medium includes any medium that can store
program code, such as a ROM, a RAM, a magnetic disk, or
an optical disk.

FIG. 19 15 a schematic structural diagram of a base station
according to an embodiment of the present invention. The
base station in this embodiment 1s configured to implement
the method provided in the embodiment shown 1 FIG. 11,
and as shown 1n the drawing, the base station includes:

a resource configuration module 191, configured to deter-
mine m physical resource blocks for transmitting a control
channel, where any physical resource block among the m
physical resource blocks includes n sub-blocks, every c
sub-blocks among mxn sub-blocks of the m physical
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resource blocks are a sub-block group, the sub-block group
can be used for placing a control channel element, m>=1,
n>=1, and ¢c>=1;

a logical setting module 192, configured to set Q logical
candidate elements, where Q=tloor(C/L), C=tloor(mxn/c) 1s
the number of sub-block groups in the m physical resource
blocks, L 1s an aggregation level of the to-be-transmitted
control channel, and floor represents rounding down;

a resource grouping module 193, configured to determine,
according to the aggregation level L of the to-be-transmuitted
control channel, the number M of candidate control chan-
nels, and group the mxn sub-blocks in the m physical
resource blocks to obtain QQ sub-blocks;

a candidate determiming module 194, configured to deter-
mine M logical candidate elements among the QQ logical
candidate elements;

a mapping module 195, configured to perform interleav-
ing on the Q logical candidate elements, and map the Q
interleaved logical candidate elements to the QQ sub-blocks;
and

a channel sending module 196, configured to send the
to-be-transmitted control channel by placing 1t 1n a sub-
block to which a logical candidate element 1s mapped, where
the logical candidate element 1s one of the M logical
candidate elements.

The candidate determining module 1s specifically config-
ured to determine, according to a user equipment-specific
parameter, the M logical candidate elements among the ()
logical candidate elements.

The M logical candidate elements may be M consecutive
logical candidate elements.

The resource grouping module 1s specifically configured
to, alter cascading the m physical resource blocks according

to a sequence of numbers, perform grouping from a first
sub-block to obtain the (Q sub-blocks, where a sub-block

includes Lxc consecutive sub-blocks.

The mapping module includes:

a matrix setting sub-module, configured to set a first
matrix with the number of rows being Y and the number of
columns being Z, where Y and Z are both integers, and
Y x/>=Q);

a resource number setting sub-module, configured to set
index numbers of the Q logical candidate elements to be g=I,
I+1, . .., I+Q-1, where I 1s an integer;

a null element setting sub-module, configured to set
YxZ—-Q null elements before the index number g=I of the
logical candidate element or set YxZ-Q null elements after
the index number g=I+Q-1 of the logical candidate element
to obtain YxZ logical filling elements, where the YxZ
logical filling elements 1include the YxZ-Q null elements
and the index numbers 1, 1+1, . . ., I+Q-1 of the Q logical
candidate elements:

an element filling sub-module, configured to write the
Y xZ logical filling elements into the first matrix according
to rows to obtain a first filled matrix; and

an 1nterleaving sub-module, configured to perform,
according to row and column positions of the first filled
matrix, reading according to columns to obtain the Q inter-
leaved logical candidate elements, where the performing
reading according to columns refers to rearranging the index
numbers of the QQ logical candidate elements 1n order from
top to bottom and from left to right, and during the reading,
if a null element exists, the reading skips the element.

Or,

the element filling sub-module 1s configured to write the
YxZ logical filling elements into the first matrix according
to columns to obtain a first filled matrix; and
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the mterleaving sub-module 1s configured to perform,
according to row and column positions of the first filled
matrix, reading according to rows to obtain the Q interleaved
logical candidate elements, where the performing reading

according to rows refers to rearranging the index numbers of >

the Q logical candidate elements in order from left to right
and from top to bottom, and during the reading, if a null
clement exists, the reading skips the element.

The mapping module further includes: an interchanging
sub-module, configured to, before the element filling sub-
module writes the YxZ logical filling elements 1nto the first
matrix according to rows or according to columns to obtain
the first filled matrix, perform, according to columns, inter-
changing on the first matrix mto which the YxZ logical
filling elements are written.

A person skilled 1n the art should understand that the
interchanging may also be performed on the first matrix
according to rows.

The number of times of the interchanging may be one and
may also be multiple.

The interchanging sub-module includes:

a matrix dividing sub-sub-module, configured to divide an
interleave matrix into two parts according to columns, where
the interleave matrix 1s the first matrix into which the YxZ
logical filling elements are written;

a first column nterchanging sub-sub-module, configured
to, if Z is an even number, interchange a (21)” column and
a (2i+7/2)” column of the interleave matrix, where i is an
integer, and 2<=2i<=7/2; or, interchange a (2i+1)” column
and a (2i+Z/2+1)” column of the interleave matrix, where
1<=21+1<=7/2, so as to obtain the first filled matrix; and

a second column interchanging sub-sub-module, config-
ured to, if Z is an odd number, interchange a (2)” column
and a (2j+floor(Z/2))” column of the interleave matrix,
where 7 1s an integer, and 2<=21<7Z/2; or, interchange a
(2j+1)” column and a (2j+floor(Z/2)+1)” column of the
interleave matrix, where 1<=21+1<7/2, so as to obtain the
first filled matrix.

Or, the second column interchanging sub-sub-module 1s
configured to, if Z is an odd number, interchange a (2j)"”
column and a (2j+floor(Z/2))” column of the interleave
matrix, where 2<=21<=tloor(Z/2)+1; or, interchange a (21+
1)” column and a (2j+floor(Z/2)+1)” column of the inter-
leave matrix, where 1<21+1<=floor(Z/2)+1, so as to obtain
the first filled matrix.

Or, the second column interchanging sub-sub-module 1s
configured to, if Z is an odd number, interchange a (2j)”
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 2<=2j<Z/2; or, interchange a (2j+1)” column
and a (2j+floor(Z/2)+1)” column of the interleave matrix,
where 1<=21+1<7/2, so as to obtain the first filled matrix.

The mapping module includes:

a first index setting sub-module, configured to set, accord-
ing to a sequence of the Q sub-blocks, first index numbers
g=IL, I+1, . . ., I+Q-1 of the QQ sub-blocks, where I 1s an
integer;

a first index arranging sub-module, configured to arrange
the first index numbers q starting from 1 sequentially from
top to bottom and from left to right or sequentially from left
to right and from top to bottom, to obtain a second matrix
with the number of rows being Y and the number of columns
being 7; and

a mapping sub-module, configured to map the Q inter-
leaved logical candidate elements to sub-blocks correspond-
ing to the Q first index numbers 1n the second matrix 1n order
from top to bottom and from leit to right or 1n order from lett
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to right and from top to bottom, where during the mapping,
if a null element 1s encountered, the mapping skips to a next
sub-block.

The first index arranging sub-module 1ncludes:

a null element setting sub-sub-module, configured to set
Y xZ-Q null elements before the index number g=I of the Q
sub-blocks to obtain YxZ physical filling elements, where
the YxZ physical filling elements include the YxZ-Q null
clements and the index numbers g=1, I+1, . . ., [+Q-1 of the
Q sub-blocks; and

a resource arranging sub-sub-module, configured to
arrange the YxZ physical filling elements sequentially from
top to bottom and from left to right or sequentially from left
to right and from top to bottom, to obtain the second matrix
with the number of rows being Y and the number of columns
being 7.

Y=n/(Lxc), and Z=m; and

correspondingly, the mapping sub-module includes:

a first index replacing sub-sub-module, configured to
replace the Q first index numbers q with (k, r), where (k, r)
represents a k™ sub-block in an r” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, W+Y-1, r=1, J+1, . . .,
J+m-1, and J and W are both integers; and

a mapping sub-sub-module, configured to map the Q
interleaved logical candidate elements to sub-blocks corre-
sponding to (k, r) in the second matrix 1n order from top to
bottom and from left to right.

Or, Y=m, and Z=n/(LLxc); and

correspondingly, the mapping sub-module includes:

a first index replacing sub-sub-module, configured to
replace the Q first index numbers q with (k, r), where (k, r)
represents a k™ sub-block in an r” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, . . ., W+7-1, =],
J+1, .. ., J+m-1, and J and W are both integers; and

a mapping sub-sub-module, configured to map the Q
interleaved logical candidate elements to sub-blocks corre-
sponding to (k, r) in the second matrix in order from left to
right and from top to bottom.

FIG. 20 1s a schematic structural diagram of a user
equipment for receiving a control channel according to an
embodiment of the present invention. In this embodiment,
the user equipment 1s configured to implement the method
provided in the embodiment shown 1n FI1G. 12, and as shown
in FIG. 20, the user equipment for receiving a control
channel includes:

a resource mformation obtaining module 201, configured
to obtain information of m physical resource blocks for
transmitting a control channel, where any physical resource
block among the m physical resource blocks includes n
sub-blocks, every ¢ sub-blocks among mxn sub-blocks of
the m physical resource blocks are a sub-block group, the
sub-block group can be used for placing a control channel
element, m>=1, n>=1, and c¢>=1;

a channel element receiving module 202, configured to
receive, according to the information, control channel ele-
ments 1 the mxn sub-blocks of the m physical resource
blocks:

a logical setting module 203, configured to, for an aggre-
gation level L., set Q, logical candidate elements, where
Qr ~Hoor(C/Lg), C=floor(mxn/c) 1s the number of sub-
block groups 1n the m physical resource blocks, L, 1s any
one of K aggregation levels, and floor represents rounding
down;

a resource grouping module 204, configured to determine,
according to the aggregation level L. of the to-be-transmiut-
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ted control channel, the number M;  of candidate control
channels, and group the mxn sub-blocks in the m physical
resource blocks to obtain Q,  sub-blocks;

a candidate determining module 205, configured to deter-
mine M, logical candidate elements among the Q,  logical
candidate elements:

a mapping module 206, configured to perform interleav-
ing on the Q, logical candidate elements, and map the Q
interleaved logical candidate elements to the Q, sub-blocks;
and

a control channel detecting module 207, configured to
perform detection on channel control elements placed in
M; _sub-blocks to which the M;  logical candidate elements
are mapped; when a correct control channel 1s detected,
obtain, through parsing, the to-be-received control informa-
tion from the correct control channel; when no correct
control channel 1s detected, for another aggregation level
among the K aggregation levels, continue to execute, start-
ing from the determining the number of corresponding
candidate control channels, subsequent steps until a correct
control channel 1s detected or all the control channel ele-
ments 1 the mxn sub-blocks are traversed.

The candidate determining module includes:

determine, according to a user equipment-speciiic param-
eter, the M, logical candidate elements among the Q_
logical candidate elements.

The M, _logical candidate elements may be M, consecu-
tive logical candidate elements.

The resource grouping module 1s specifically configured
to, after cascading the m physical resource blocks according
to a sequence of numbers, perform grouping from a first
sub-block to obtain the Q.  sub-blocks, where a sub-block
includes Lxc consecutive sub-blocks.

The mapping module 1includes:

a matrix setting sub-module, configured to set a first
matrix with the number of rows being Y and the number of
columns being 7, where Y and 7 are both integers, and
YXL>=Qy ;

a resource number setting sub-module, configured to set
index numbers of the Q,  logical candidate elements to be
q=L I+1, ..., [+Q; ~1, where I 1s an integer;

a null element setting sub-module, configured to set
Yx/-Q; null elements before the index number g=I ot the
logical candidate element or set Y xZ2-Q, null elements atter
the index number q=I1+Q; -1 of the logical candidate ele-
ment to obtain YxZ logical filling elements, where the YxZ
logical filling elements include the YxZ-Q; null elements
and the index numbers I, I+1, ..., [+Q; —1 of the Q,_logical
candidate elements:

an element filling sub-module, configured to write the
YxZ logical filling elements into the first matrix according,
to rows to obtain a first filled matrix; and

an 1nterleaving sub-module, configured to perform,
according to row and column positions of the first filled
matrix, reading according to columns to obtain the Qg
interleaved logical candidate elements, where the perform-
ing reading according to columns refers to rearranging the
index numbers of the Q; _logical candidate elements 1n order
from top to bottom and from left to right, and during the
reading, 1 a null element exists, the reading skips the
clement.

Or,

the element filling sub-module 1s configured to write the
YxZ logical filling elements into the first matrix according,
to columns to obtain a first filled matrix; and

the interleaving sub-module 1s configured to perform,
according to row and column positions of the first filled
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matrix, reading according to rows to obtain the Q.  inter-
leaved logical candidate elements, where the performing
reading according to rows refers to rearranging the index
numbers ot the Q logical candidate elements 1n order from
left to right and from top to bottom, and during the reading,
if a null element exists, the reading skips the element.

The mapping module further includes an interchanging
sub-module, configured to, before the element filling sub-
module writes the YxZ logical filling elements 1nto the first
matrix according to rows or according to columns to obtain
the first filled matrix, perform, according to columns, inter-
changing on the first matrix mto which the YxZ logical
filling elements are written.

A person skilled 1n the art should understand that the
interchanging may also be performed on the first matrix
according to rows.

The number of times of the interchanging may be one and
may also be multiple.

The interchanging sub-module 1ncludes:

a matrix dividing sub-sub-module, configured to divide an
interleave matrix into two parts according to columns, where
the interleave matrix is the first matrix into which the YxZ
logical filling elements are written;

a first column interchanging sub-sub-module, configured
to, if Z is an even number, interchange a (2i)” column and
a (21+7/2)” column of the interleave matrix, where 1 is an
integer, and 2<=2i<=7/2; or, interchange a (2i+1)” column
and a (21+Z/2+1)” column of the interleave matrix, where
1<=21+1<=7//2, so as to obtain the first filled matrix; and

a second column interchanging sub-sub-module, config-
ured to, if Z is an odd number, interchange a (2j)” column
and a (2j+floor(Z/2))” column of the interleave matrix,
where 7 1s an integer, and 2<=21<7Z/2; or, iterchange a
(2i+1)” column and a (2j+floor(Z/2)+1)” column of the
interleave matrix, where 1<=21+1<7/2, so as to obtain the
first filled matrix.

Or, the second column interchanging sub-sub-module 1s
configured to, if Z is an odd number, interchange a (2j)”
column and a (2j+floor(Z/2))” column of the interleave
matrix, where 2<=21<=tloor(Z/2)+1; or, interchange a (21+
1)” column and a (2j+floor(Z/2)+1)” column of the inter-
leave matrix, where 1<2j+1<=tloor(Z/2)+1, so as to obtain
the first filled matrix.

Or, the second column interchanging sub-sub-module 1s
configured to, if Z is an odd number, interchange a (2j)”
column and a (2j+floor(Z/2)+1)” column of the interleave
matrix, where 2<=2j<Z/2; or, interchange a (2j+1)” column
and a (2j+floor(Z/2)+1)” column of the interleave matrix,
where 1<=21+1<7/2, so as to obtain the first filled matrix.

The mapping module includes:

a first index setting sub-module, configured to set, accord-
ing to a sequence ot the Q, sub-blocks, first index numbers
q=L I+1, ..., 1+Q, -1 of the Qr, sub-blocks, where I 1s an
integer;

a first index arranging sub-module, configured to arrange
the first index numbers q starting from 1 sequentially from
top to bottom and from left to right or sequentially from left
to right and from top to bottom, to obtain a second matrix
with the number of rows being Y and the number of columns
being Z; and

a mapping sub-module, configured to map the Q,  1inter-
leaved logical candidate elements to sub-blocks correspond-
ing to the Q, first index numbers in the second matrix in
order from top to bottom and from left to right or 1n order
from left to right and from top to bottom, where during the
mapping, 1f a null element 1s encountered, the mapping skips
to a next sub-block.
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The first index arranging sub-module includes:

a null element setting sub-sub-module, configured to set
YxZ-Q,  null elements betore the index number g=I of the
Q. sub-blocks to obtain YxZ physical filling elements,
where the YxZ physical filling elements include the YxZ-
Q. null elements and the index numbers q=I, I+1, . . .,
Q; —1 of the Q, sub-blocks; and

a resource arranging sub-sub-module, configured to
arrange the YxZ physical filling elements sequentially from
top to bottom and from left to right or sequentially from left
to right and from top to bottom, to obtain the second matrix
with the number of rows being Y and the number of columns
being 7.

Y=n/(Lxc), and Z=m; and

correspondingly, the mapping sub-module includes:

a first index replacing sub-sub-module, configured to
replace the Q. first index numbers q with (k, r), where (k,
r) represents a k™ sub-block in an r*” physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, . . ., W+Y-1, r=],
J+1, . .., J+m-1, and J and W are both integers; and

a mapping sub-sub-module, configured to map the Q,
interleaved logical candidate elements to sub-blocks corre-
sponding to (K, r) in the second matrix 1n order from top to
bottom and from left to right.

Or, Y=m, and Z=n/(Lxc); and

correspondingly, the mapping sub-module includes:

a first index replacing sub-sub-module, configured to
replace the Q;  first index numbers q with (k, r), where (k,
r) represents a k™ sub-block in an r** physical resource block,
r 1s virtual numbers of the m physical resource blocks
arranged 1n sequence, k=W, W+1, . . ., W+7Z-1, =],
IJ+1, . .., J+m-1, and J and W are both integers; and

a mapping sub-sub-module, configured to map the Q,

interleaved logical candidate elements to sub-blocks corre-
sponding to (k, r) in the second matrix in order from left to
right and from top to bottom.
In the foregoing apparatus embodiment, the logical can-
didate elements are set, then interleaving 1s performed on the
logical candidate elements, and then the interleaved logical
candidate elements are mapped to the physical resource
blocks configured by a base station for a to-be-transmitted
control channel, so that any candidate control channel of the
to-be-transmitted control channel 1s sent on consecutive
time-frequency resources as possible, and meanwhile dif-
ferent candidate control channels are on different PRB pairs
as possible. In this way, the base station may have better
flexibility during actual sending of the ePDCCH, thereby not
only achieving a precoding gain and facilitating better
transmission of control information, but also achieving a
larger scheduling gain.

Finally, it should be noted that the foregoing embodiments
are merely provided for describing the technical solutions of
the present ivention, but not intended to limit the present
invention. Although the present mvention 1s described in
detail with reference to the foregoing embodiments, persons
of ordinary skill in the art should understand that they may
still make modifications to the technical solutions described
in the embodiments, or make equivalent replacements to
part of or all of the technical features thereof, without
departing from the spirit and scope of the technical solutions
of the embodiments of the present invention.

What 1s claimed 1s:

1. A method for transmitting a control channel, the
method comprising:

determining m physical resource blocks for transmitting a

control channel, wherein any physical resource block
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among the m physical resource blocks comprises n
sub-blocks, every ¢ sub-blocks among mxn sub-blocks
of the m physical resource blocks are a sub-block
group, the sub-block group can be used for placing a
control channel element, m>=1, n>=1, and ¢>=1;

setting (Q logical candidate elements, wherein Q=tloor(C/
L), C=floor(mxn/c) 1s the number of sub-block groups
in the m physical resource blocks, L 1s an aggregation
level of the to-be-transmitted control channel, and floor
represents rounding down;

determining, according to the aggregation level L of the
to-be-transmitted control channel, the number M of
candidate control channels, and grouping the mxn
sub-blocks 1n the m physical resource blocks to obtain

QQ sub-blocks;

determining M logical candidate elements among the Q
logical candidate elements;
performing interleaving on the Q logical candidate ele-

ments, and mapping the Q mterleaved logical candidate
clements to the Q sub-blocks; and

sending the to-be-transmitted control channel by placing

it 1n a sub-block to which a logical candidate element
1s mapped, wherein the logical candidate element 1s one
of the M logical candidate elements.

2. The method according to claim 1, wherein determining,
M logical candidate elements among the Q logical candidate
clements comprises:

determiming, according to a user equipment-specific

parameter, the M logical candidate elements among the
Q logical candidate elements.

3. The method according to claim 2, wherein the M
logical candidate elements are M consecutive logical can-
didate elements.

4. The method according to claim 1, wherein grouping the
mxn sub-blocks in the m physical resource blocks to obtain
Q sub-blocks comprises:

alter cascading the m physical resource blocks according

to a sequence of numbers, performing grouping from a
first sub-block to obtain the Q sub-blocks, wherein a
sub-block comprises Lxc consecutive sub-blocks.

5. The method according to claim 1, wherein performing,
interleaving on the Q logical candidate elements comprises:

setting a first matrix with the number of rows being Y and

the number of columns being 7, wherein Y and Z are
both 1ntegers, and Y xZ>=Q);
setting index numbers of the QQ logical candidate elements
to be g=I, I+1, . . ., I+Q-1, wherein I 1s an integer;

setting Y xZ—Q null elements before the index number g=I
of the logical candidate element or setting Y xZ—Q null
clements after the index number g=I+Q-1 of the logical
candidate element to obtain YxZ logical filling ele-
ments, wherein the YxZ logical filling elements com-
prise the YxZ-Q null elements and the index numbers
I I+1, ..., I+Q-1 of the Q logical candidate elements;
and

writing the YxZ logical filling elements into the first

matrix according to rows to obtain a first filled matrix,

and performing, according to row and column positions

of the first filled matrix, reading according to columns

to obtain the QQ mterleaved logical candidate elements;
of,

writing the YxZ logical filling elements into the first

matrix according to rows to obtain a first filled matrix,
and performing, according to row and column positions
of the first filled matrix, reading according to columns
to obtain the Q interleaved logical candidate elements.
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6. The method according to claim 5, wherein before
writing the Y xZ logical filling elements into the first matrix
according to rows or according to columns to obtain a {first
filled matrix, the method further comprises:

performing interchanging according to columns or inter-

changing according to rows on the first matrix into
which the YxZ logical filling elements are written.

7. The method according to claim 6, wherein performing
interchanging according to columns on the first matrix into
which the YxZ logical filling elements are written com-
Prises:

dividing an interleave matrix mto two parts according to

columns, wherein the interleave matrix 1s the first
matrix ito which the YxZ logical filling elements are
written;

if Z is an even number, interchanging a (21)” column and

a (2i+7/2)” column of the interleave matrix, wherein i
1s a non-negative integer, and 2<=21<=//2; or, inter-
changing a (2i+1)” column and a (2i+Z/2+1)” column
of the interleave matrix, wherein 1<=21+1<=7/2, so as
to obtain the first filled matrix; and

if Z is an odd number, interchanging a (2j)” column and

a (2j+floor(Z/2)Y” column of the interleave matrix,
wherein 1 1s not negative and 1s an integer, and
2<=2j<7Z/2; or, interchanging a (2j+1)” column and a
(2i+floor(Z/2)41)” column of the interleave matrix,
wherein 1<=21+1<//2, so as to obtain the first filled
matrix;

or, if Z is an odd number, interchanging a (2)” column

and a (2j+floor(Z/2))” column of the interleave matrix,
wherein 2<=21<=tloor(Z/2)+1; or, mnterchanging a (21+
1)” column and a (2j+floor(Z/2)+1)” column of the
interleave matrix, wherein 1<2j+1<=floor(Z/2)+1, so as
to obtain the first filled matrix;

or, if Z is an odd number, interchanging a (2j)” column

and a (2j+floor(Z/2)+1)” column of the interleave
matrix, wherein 2<=2j<Z/2; or, interchanging a (2j+1)”
column and a (2j+1+floor(Z/2)+1)” column of the
interleave matrix, wheremn 1<=21+1<7/2, so as to
obtain the first filled matrix.

8. The method according to claim 5, wherein mapping the
Q 1nterleaved logical candidate elements to the QQ sub-blocks

COmMprises:
setting, according to a sequence of the Q sub-blocks, first
index numbers g=I, I+1, . . ., I+Q-1 of the Q sub-

blocks, wherein 1 1s an integer;

arranging the first index number q starting from 1 sequen-
tially from top to bottom and from left to right or
sequentially from leit to right and from top to bottom,
to obtain a second matrix with the number of rows
being Y and the number of columns being Z; and

mapping the Q interleaved logical candidate elements to
sub-blocks corresponding to the Q first index numbers
in the second matrix in order from top to bottom and
from left to right or 1n order from left to right and from
top to bottom.

9. The method according to claim 8, wherein arranging,
the index number g, starting from I, of the Q sub-blocks
sequentially from top to bottom and from left to right or
sequentially from left to right and from top to bottom, to
obtain a second matrix with the number of rows being Y and
the number of columns being Z comprises:

setting Y xZ—-Q null elements before the index number g=I

of the Q sub-blocks to obtain YxZ physical filling
clements, wherein the YxZ physical filling elements
comprise the YxZ-Q null elements and the index

numbers g=I, I+1, . . ., I+Q-1 of the Q sub-blocks; and
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arranging the YxZ physical filling elements sequentially
from top to bottom and from left to right or sequentially
from leit to right and from top to bottom, to obtain the
second matrix with the number of rows being Y and the
number of columns being 7.
10. The method according to claim 8, wherein Y=n/(LLxc),
and Z=m; and
mapping the Q interleaved logical candidate elements to
sub-blocks corresponding to the Q first index numbers
in the second matrix 1n order from top to bottom and
from left to right comprises:
replacing the Q first index numbers q with (k, r),
wherein (k, r) represents a k” sub-blocking an r”
physical resource block, r 1s virtual numbers of the m
physical resource blocks arranged 1n sequence, k=W,
W+1,..., W+Y-1,r=]1,J+1, ..., J+m-1, and J and
W are both integers, and
mapping the Q interleaved logical candidate elements to
sub-blocks corresponding to (k, r) 1n the second matrix
in order ifrom top to bottom and from left to right.

11. The method according to claim 8, whereimn Y=m, and

/=n/(LLxc); and
mapping the Q iterleaved logical candidate elements to

sub-blocks corresponding to the Q first index numbers
in the second matrix in order from top to bottom and
from left to right comprises:
replacing the Q first index numbers q with (k, r),
wherein (k, r) represents a k” sub-block in an r”
physical resource block, r 1s virtual numbers of the m
physical resource blocks arranged 1n sequence, k=W,
W+1,..., W+7Z-1, =], J+1, ..., J+m-1, and J and
W are both integers, and
mapping the Q interleaved logical candidate elements
to sub-blocks corresponding to (k, r) in the second
matrix in order from left to right and from top to
bottom.

12. A base station, comprising;:

a resource configuration module, configured to determine
m physical resource blocks for transmitting a control
channel, wherein any physical resource block among,
the m physical resource blocks comprises n sub-blocks,
every ¢ sub-blocks among mxn sub-blocks of the m
physical resource blocks are a sub-block group, the
sub-block group can be used for placing a control
channel element, m>=1, n>=1, and ¢>=1;

a logical setting module, configured to set Q logical
candidate elements, wherein Q=floor(C/L), C=floor
(mxn/c) 1s the number of sub-block groups 1in the m
physical resource blocks, L 1s an aggregation level of
the to-be-transmitted control channel, and floor repre-
sents rounding down;

a resource grouping module, configured to, according to
the aggregation level L of the to-be-transmitted control
channel, determine the number M of candidate control
channels, and group the mxn sub-blocks 1n the m
physical resource blocks to obtain Q sub-blocks;

a candidate determining module, configured to determine
M logical candidate elements among the Q logical
candidate elements;

a mapping module, configured to perform interleaving on
the Q logical candidate elements, and map the Q
interleaved logical candidate elements to the Q sub-
blocks; and

a channel sending module, configured to send the to-be-
transmitted control channel by placing 1t 1n a sub-block
to which a logical candidate element 1s mapped,
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wherein the logical candidate element 1s one of the M
logical candidate elements.

13. The base station according to claim 12, wherein the
resource grouping module 1s configured to, after cascading
the m physical resource blocks according to a sequence of
numbers, perform grouping from a first sub-block to obtain

the Q sub-blocks, wherein a sub-block comprises Lxc con-

secutive sub-blocks.

14. The base station according to claim 12, wherein the
mapping module comprises:

a matrix setting sub-module, configured to set a first
matrix with the number of rows being Y and the
number of columns being 7, wherein Y and Z are both
integers, and Y xZ>=Q);

a resource number setting sub-module, configured to set
index numbers of the Q logical candidate elements to
be g=1, I+1, . . ., I+Q-1, wherein I 1s an integer;

a null element setting sub-module, configured to set
Y xZ—-Q null elements before the index number g=I of
the logical candidate element or set YxZ—-Q null ele-
ments after the mdex number q=I+Q-1 of the logical
candidate element to obtain YxZ logical filling ele-
ments, wherein the YxZ logical filling elements com-
prise the YxZ—-Q null elements and the index numbers
I, I+, . .., I+Q-1 of the Q logical candidate elements;

an element filling sub-module, configured to write the
YxZ logical filling elements into the {first matrix
according to rows to obtain a first filled matrix; and

an 1nterleaving sub-module, configured to perform,
according to row and column positions of the first filled
matrix, reading according to columns to obtain the
interleaved logical candidate elements;

of,

the element filling sub-module 1s configured to write the
YxZ logical filling elements into the first matrix
according to columns to obtain a first filled matrix; and

the interleaving sub-module 1s configured to perform,
according to row and column positions of the first filled
matrix, reading according to rows to obtain the
interleaved logical candidate elements.

15. The base station according to claim 14, wherein the
mapping module further comprises an nterchanging sub-
module, configured to, before the element filling sub-module
writes the YxZ logical filling elements into the first matrix
according to rows or according to columns to obtain the first
filled matrix, perform, according to columns or according to
rows, mterchanging on the first matrix into which the YxZ
logical filling elements are written.

16. The base station according to claim 15, wherein the
interchanging sub-module comprises:

a matrix dividing sub-sub-module, configured to divide an
interleave matrix mto two parts according to columns,
wherein the interleave matrix 1s the first matrix into

which the YxZ logical filling elements are written;

a first column interchanging sub-sub-module, configured
to, if Z is an even number, interchange a (2i)” column
and a (2i+7/2)” column of the interleave matrix,
wherein 1 1s an integer, and 2<=21<=//2; or, inter-
change a (2i+1)” column and a (2i+Z/2+1)” column of
the interleave matrix, wherein 1<=21+1<=//2, so as to
obtain the first filled matrix; and

a second column interchanging sub-sub-module, config-
ured to, if Z is an odd number, interchange a (2j)”
column and a (2j+floor(Z/2))” column of the interleave
matrix, wherein 7 1s an iteger, and 2<=21<7/2; or,
interchange a (2j+1)” column and a (2j+floor(Z/2)+1)"”
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column of the interleave matrix, wherein 1<=21+1<7/2,

so as to obtain the first filled matrix;

or, the second column interchanging sub-sub-module 1s
configured to, 1if Z 1s an odd number, interchange a
(21)” column and a (2j+floor(Z/2))” column of the
interleave matrix, wherein 2<=2j<=floor(Z/2)+1; or,
interchange a (2j+1)” column and a (2j+floor(Z/2)+1)”
column of the iterleave matrix, wherein 1<2j+
1<=tloor(Z/2)+1, so as to obtain the first filled matrix;

or, the second column interchanging sub-sub-module 1s

configured to, i Z 1s an odd number, interchange a

(21)” column and a (2j+floor(Z/2)+1)” column of the

interleave matrix, wherein 2<=21<//2; or, interchange

a (2i+1)” column and a (2j+1+floor(Z/2)+1)” column

of the interleave matrix, wherein 1<=21+1<7/2, so as to

obtain the first filled matrix.

17. The base station according to claim 14, wherein the

mapping module comprises:

a first index setting sub-module, configured to set, accord-
ing to a sequence of the Q sub-blocks, first index
numbers g=I, I+1, . . ., I+Q-1 of the Q sub-blocks,
wherein I 1s an integer;

a first index arranging sub-module, configured to arrange
the first index numbers g starting from 1 sequentially

from top to bottom and from left to right or sequentially

from left to right and from top to bottom, to obtain a
second matrix with the number of rows being Y and the
number of columns being Z; and

a mapping sub-module, configured to map the Q inter-
leaved logical candidate elements to sub-blocks corre-
sponding to the Q first index numbers 1n the second
matrix 1n order from top to bottom and from leit to right
or 1n order from left to right and from top to bottom.

18. The base station according to claim 17, wherein the

first index arranging sub-module comprises:

a null element setting sub-sub-module, configured to set
Y xZ—-Q null elements before the index number g=I of
the Q sub-blocks to obtain YxZ physical filling ele-
ments, wherein the YxZ physical filling elements com-
prise the YxZ-Q null elements and the index numbers
g=L I+1, . .., I+Q-1 of the Q sub-blocks; and

a resource arranging sub-sub-module, configured to
arrange the YxZ physical filling elements sequentially

from top to bottom and from left to right or sequentially
from leit to right and from top to bottom, to obtain the
second matrix with the number of rows being Y and the

number of columns being 7.

19. The base station according to claim 17, wherein

Y=n/(Lxc), and Z=m; and

the mapping sub-module comprises:

a first index replacing sub-sub-module, configured to
replace the Q first index numbers q with (k, r),
wherein (k, r) represents a k” sub-block in an r”

physical resource block, r 1s virtual numbers of the m

physical resource blocks arranged in a sequence,
k=W, W+1, ..., W+Y-1, =1, J+1, ..., J+m-1, and
I and W are both integers, and

a mapping sub-sub-module, configured to map the Q
interleaved logical candidate elements to sub-blocks
corresponding to (k, r) in the second matrix in order
from top to bottom and from left to right.

20. The base station according to claim 17, wherein Y=m,

and Z=n/(Lxc); and

the mapping sub-module comprises:

a first index replacing sub-sub-module, configured to
replace the Q first index numbers q with (k, r),
wherein (k, r) represents a k” sub-block in an r”
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physical resource block, r 1s virtual numbers of the m

physical resource blocks arranged 1n sequence, k=W,
W+1, ..., W+7Z-1, =], J+1, ..., J+m-1, and J and
W are both integers, and

a mapping sub-sub-module, configured to map the Q 5
interleaved logical candidate elements to sub-blocks
corresponding to (k, r) 1in the second matrix in order
from leit to right and from top to bottom.

G x e Gx o
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